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Abstract 
This thesis provides a broad outline of the effect of taphonomic and ecological 
processes on the accumulation and transformation of micromammalian faunal 
assemblages, and the importance of the signatures left behind by these processes in 
the reconstruction of ancient ecosystems. Micromammalian remains recovered from a 
rich Terminal Pleistocene site near the Saldanha Bay Yacht Club (SBYC) along the 
South African west coast have been examined following Andrews' (1990a) 
procedures. 
In the investigation of the effect of taphonomy on the SBYC faunal remains, murids 
(rodents) and soricids (shrews) have been examined separately and in as much detail 
as possible. The analyses have shown that the long bones of the soricids exhibit a 
relatively higher degree of completeness than those of the murids, suggesting 
preferential preservation of the fonner. Additionally, soricid jaws have yielded higher 
minimum number of individuals (MNIs) than long bone counts whereas for murids 
the opposite is the case. These observations have indicated the need for more 
taxonomically resolved analyses on the effect of taphonomic processes on 
micromammalian remains. 
Three micromammalian species represented in the SBYC faunal samples (Tatera 
afra, Myosorex varius and Suncus varilla) yielded much higher MNI counts than did 
other species. This reflects the intennediate selective behaviour of the inferred 
accumulator of the fauna, the bam owl, although the spotted eagle owl has not been 
completely ruled out. The study of the SBYC micromammalian fauna has 
underscored the need to integrate both taphonomic and ecological factors in the 
attempts to infer potential predators that might have been responsible for the 
accumulation of microfaunal occurrences. This is also necessary for understanding the 
environmental contexts in which the fauna was accumulated and/or derived. The 
micromammalian species represented at SBYC have suggested that in the SBYC area 
some 15,000 years ago, there was a mosaic of microhabitats including well-vegetated 
and moist microhabitats, and an admixture of bush and sandveld. Overall, climatic 
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conditions in the SBYC area when the microfauna accumulated were moderate, and 
generally not different from the conditions prevailing today. 
n 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
Acknowledgements 
I would like to thank my supervisors Prot: John Parkington and Dr. Margaret Avery 
for their guidance, encouragement and their immeasurable patience especially in 
reading the many drafts that preceded this thesis. I am greatly indebted to Assoc. Prot: 
Andrew Smith of the Archaeology Department at the University of Cape Town 
(UCT), for his encouragement and support throughout my studies. I extend my 
gratitude to Cedric Poggenpoel of the Department of Archaeology, UCT, as well as 
Prot: Tim Dunne and Jaqui Sommerville of the UCT Department of Statistical 
Sciences, who helped me in various ways. I would like to thank Dr. Stephan 
Woodbome of QUADRU at the CSIR in Pretoria, for providing the radiocarbon date 
for the SBYC fauna. A word of thanks goes to my colleagues in both the UCT 
Archaeology Department and the Earth Sciences Division at the Iziko South African 
Muse~ for their assistance and encouragement at different times. Special thanks are 
due to Dr. Dave Roberts and Thalassa Matthews for their kind assistance and 
encouragement in the course of this project. 
I am greatly indebted to the administration of the National Museums of Kenya 
(NMK), particularly the Director-General, Dr. George Abungu, for the support I have 
received throughout my studies. 
I would like to thank Prot: Frank Brown of the University of Utah (USA) and Dr. 
Meave Leakey of the National Museums of Kenya for their very kind support and 
encouragement throughout my studies. A word of thanks is due to my colleagues in 
the Division ofPalaeontoiogy, NMK, for their encouragement. 
Very special words of thanks go to my wife Grace and daughter Mercy for their love 
and encouragement, as well as endurance throughout the many years I have been 
away from them. My parents Anne and Anthony, together with my siblings, an 
deserve special thanks for their love and encouragement throughout my studies. 
iii 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
This study has been made possible by financial assistance from the Leakey 
Foundation. I am most grateful to the Trustees of the Leakey Foundation for awarding 
me the Baldwin Fellowship for this study and earlier studies. I gratefully acknowledge 
the financial support extended to me through the Wenner-Oren Foundation 
Fellowship at the University of Cape Town. 
iv 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
This thesis is dedicated to: 
Grace and Mercy - I thank you so much for your 
great love and endurance 
Anne and Anthony - I thank you so much for your 
wonderful parenting 
v 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
Table of Contents 
Abstract 
Acknowledgements 
Dedication 
Table of Contents 
List of Figures 
List of Tables 
CHAPTER ONE 
Introduction 
1.1 Background 
1.1.1 The site 
1.1.2 Past and present environments 
1.2 Chapter summaries 
CHAPTER TWO 
Biological and ecological factors affecting the 
composition of micromammaUan faunal assemblages 
2.1 Introduction 
2.2 The small mammal community 
2.3 Predator and prey habitats 
2.4 Predator behaviour 
2.5 The physical environment 
vi 
Page 
i-n 
ill-IV 
V 
vi-x 
xi-xii 
xiii-xiv 
1 
1 
3 
7 
11 
12 
16 
17 
21 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
CHAPTER THREE 
The agency of micromammaHan faunal accumulations 
3.1 Introduction 
3.2 Predators as accumulators of small mammal remains 
3.3 The role of scavenging in the accumulation of small 
mammal remains 
3.4 The role of natural deaths 
3.5 Transport as an agent of accumulation of small mammal remains 
CHAPTER FOUR 
Taphonomic processes affecting small mammal remains 
4.1 Introduction 
4.2 Pre-burial processes 
4.2.1 Modifications caused by predators 
4.2.2 Modifications resulting from non-predator actions 
4.2.3 Mechanical modification 
4.3 Post-burial processes 
4.3.1 Modifications caused by sediments 
4.3.2 Biotic-induced modifications 
4.4 Modifications caused through the recovery methods 
4.5 Differential destruction and preservation 
CHAPTER FIVE 
The relationship between taphonomic and ecological 
analyses in the interpretation of micromammalian 
faunal assemblages 
25 
25 
28 
29 
30 
33 
33 
34 
38 
40 
44 
44 
46 
47 
48 
5.1 Introduction 50 
5.2 The changing nature of taphonomic and ecological processes 52 
vii 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
5.3 The reliability of data derived from micromammalian 
faunal remains 53 
5.3.1 Sample size 54 
5.4 Micromammalian remains as palaeoenvironmental indicators 56 
CHAPTER SIX 
Material and methods 
6.1 Introduction 59 
6.1.1 Specific aims and hypotheses 59 
6.2 Sampling and analysis of the fauna 60 
6.3 Number of identified specimens (NISPs) 62 
6.4 Identification of the relative number of micro mammalian species 63 
6.4.1 Minimum number of individuals (MNIs) 63 
6.5 Breakage patterns of the skulls 64 
6.5.1 Breakage of the crania 64 
6.5.2 Breakage of the mandibles 67 
6.5.3 Tooth loss from maxillae and mandibles 69 
6.6 Effect of acid-etching 70 
6.7 Breakage ofpost-cranial bones 71 
6.7.1 Analysis of other post-cranial bones 73 
6.8 Epiphyseal fusion in the long bones 74 
6.9 Post-cranial to cranial proportions 75 
6.10 Analysis of other microfauna represented in the SBYC samples 76 
6.11 Palaeoenvironmental reconstruction 76 
CHAPTER SEVEN 
Results 
7.1 Skeletal elements in the SBYC micromammaJjan faunal samples 78 
viii 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
7.2 MicromammaUan species from SBye and the minimum 
number of individuals (MNIs) 
7.3 Breakage patterns of the skulls 
7.4 Incisor etching 
7.5 Breakage patterns of the long bones 
7.6 Breakage patterns of other post-cranial bones 
7.7 Epiphyseal fusion in the long bones 
7.8 Relative proportions of skeletal elements 
7.9 Non-micromammalian species at SBye 
CHAPTER EIGHT 
Discussion 
8.1 Introduction 
8.2 Numoor of identified specimens (NISPs) 
8.3 Damage to the skull 
8.3.1 Breakage of the crania 
8.3.2 Breakage of the mandibles 
8.4 Etching of the incisors 
8.5 Post-cranial elements 
8.5.1 Breakage of the long bones 
8.5.2 Breakage of other post-craniaI bones 
8.6 Epiphyseal fusion in the long bones 
8.7 Relative proportions of skeletal elements 
8.8 The microfauna! species and the minimum 
number of individuals (MNIs) 
8.8.1 Micromammalian species 
8.8.2 Non-micromammalian fauna 
8.9 IdentifYing the predator 
8.10 Palaeoenvironments in the SBye area 
ix 
79 
83 
87 
89 
95 
96 
98 
100 
101 
101 
103 
103 
104 
106 
107 
107 
111 
112 
113 
114 
114 
117 
118 
123 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
CHAPTER NINE 
Conclusion 
9.1 Findings 
9.2 Recommendations 
REFERENCES 
APPENDICES 
Appendix 1 
Appendix 2 
Short notes on the small mammal species represented 
in the SBYC faunal samples 
Short notes on possible predators of small :mammals 
around the SBYC area 
125 
127 
129 
147 
Appendix 3 
Appendix 4 
Appendix 5 
SBYC maxillary and mancboWar frequency according to species 
Results from predator faunal assemblages 
Tables with data relevant in the interpretation of the SBYC 
microma.mmalian fauna 
x 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
List of figures 
Figure 1.1.1: A regional map showing the location of the SBYC site 2 
Figure 1.1.2: A map showing the geological setting of the Saldanha region 3 
Figure 1.1.3: A map showing the current biomes along the South African 
westco~ 5 
Figure 5.1.1: Factors that influence patterns inmicromammalian 
fiumal assemblages 51 
Figure 6.2.1: The SBYC site showing the positions along the slope of 
the three sampled areas 60 
Figure 6.2.2: The cemented nature of the Hanging Remnant 61 
Figure 6.2.3: The position of the Down Slope relative to the Upper Slope 
and the loose sediments in both areas 61 
Figure 6.5.1: The ventral view of a rodent cranium showing elements used 
in the text 65 
Figure 6.5.2: The ventral view of a soricid cranium showing elements used 
in the text 66 
Figure 6.5.3: The lingual view of a rodent mandible showing elements used 
in the text 68 
Figure 6.5.4: The lingual view of a soricid mandible showing elements used 
in the text 68 
Figure 6.6.1: A mmid incisor showing elements used in the text 71 
Figure 6.7.1: Categories of long bones represented in the SBYC muna 72 
Figure 6.7.2: A rodent scapula showing elements used in the text 73 
Figure 6.7.3: A rodent innominate showing elements used in the text 74 
Figure 7.3.1: Relative completeness of the murid maxillae 84 
Figure 7.3.2: Relative completeness of the soricid maxillae 84 
Figure 7.3.3: Relative completeness of the murid mandibles 86 
Figure 7.3.4: Relative completeness of the soricid mandibles 86 
Figure 7.4.1: Etching among isolated lower incisors 87 
Figure 7.4.2: Etching among isolated upper incisors 88 
Figure 7.5.1: Relative completeness of the murid humeri 90 
xi 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
Figure 7.5.2: Relative completeness of the soricid humeri 
Figure 7.5.3: Relative completeness of the murid femora 
Figure 7.5.4: Relative completeness of the soricid femora 
Figure 7.5.5: Relative completeness of the ulnae 
Figure 7.5.6: Relative completeness of the tIbiae 
Figure 8.5.1: A comparison between the percentages of complete mund 
and soricid humeri across the three sampled areas 
Figure 8.5.2: A comparison between the percentages of complete mund 
91 
92 
93 
94 
95 
108 
and soricid femora across the three sampled areas 108 
Figure 8.5.3: A comparison between the percentages of mund and soricid 
distal humeri across the three sampled areas 109 
Figure 8.5.4: A comparison between the percentages of mund and soricid 
proximal femora across the three sampled areas 
Xll 
109 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
List of tables 
Table 1.1.1: Temperature and rainfall data for the Langebaanweg area 7 
Table 1.4.1: Predators, their preferred habitats and prey species 20 
Table 3.1.1: Predators and their preferred roosting I living places 27 
Table 3.5.1: Experimentally determined settling groups of some 
small mammal remains 31 
Table 4.1.1: Predator breakage categories 36 
Table 4.1.3: Weathering stages in small mammal bones artificially exposed 
in wet temperate climate 41 
Table 7.1.1: Number of identified specimens from SBYC 78 
Table 7.1.1: List of micro mammalian species encountered in the SBYC 
faunal samples 79 
Table 7.1.1: MN1 and percentage representation of micromammalian 
species from SBYC based on:maxillae and mandibles 80 
Table 7.1.3: Shannon-Wiener indices for general diversity (11) 81 
Table 7.1.4: Minimum numbers of murids and soricids based on 
:maxillae and mandibles 82 
Table 7.1.5: Minimum numbers ofmurids and soricids based on humeri 
and remora 82 
Table 7.3.1: Breakage patterns ofmurid:maxillae 83 
Table 7.3.1: Breakage patterns of soricid :maxillae 83 
Table 7.3.3: Breakage patterns ofmurid mandibles 85 
Table 7.3.4: Breakage patterns of soricid mandibles 85 
Table 7.4.1: Etching ofmurid isolated incisors 87 
Table 7.4.1: Etching of murid in situ incisors 89 
Table 7.5.1: Breakage patterns of murid and soricid humeri 90 
Table 7.5.1: Breakage patterns of murid and soricid femora 92 
Table 7.5.3: Breakage patterns of the indeterminate micromammalian 
ulnae and tibiae from SBYC 93 
Table 7.6.1: Breakage patterns of scapulae and innominates 95 
Table 7.7.1: State of fusion of the murid humeri and femora 96 
xiii 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
Table 7.7.2: State of fusion of the soricid humeri and femora 97 
Table 7.7.3: Loose micromammalian long bone epiphyses from SBYC 98 
Table 7.8.1: Relative proportions of murid and soricid skeletal elements 98 
Table 7.8.1: Relative proportions of skeletal elements 99 
Table 7.8.3: Relative proportions of post-crania to crania 100 
Table 7.9.1: Non-micromammalian fauna recovered from the SBYC 
fiwnal samples 100 
Table 8.2.1: Mass in grams of sediments sorted for microfauna and the 
approximate NISPs for each gram of sorted coarse sediments 102 
Table 8.8.1: Micromammalian species from SBYC, their preferred modem 
habitat, activity pattern and mean individual mass 116 
Table 8.9.1: Micromammalian species encountered in modern barn owl 
pellets and in the SBYC faunal samples 121 
xiv 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
CHAPTER ONE 
Introduction 
1.1 Background 
At many fossil sites including important African Pleistocene localities there are 
substantial accumulations of microfiumal remains. Because of this, the impetus to 
study microfauna and more particularly small mammal remains bas increased over the 
passage of time. This bas been born out of the realiution that small mammal remains 
have the potential to offer information about palaeoenvironments, site formation 
processes and a wide range of taphonomic processes to which the remains would have 
been subjected (Avery 1982, 1987, 2001; Andrews 1990a; Fernandez-Jalvo and 
Andrews 1992; Fernandez-Jalvo 1995). Additionally, there has been an increasing 
interest in understanding the environmental contexts in which our early ancestors 
evolved (e.g. Avery, 1987, 1995, 2001; Black and Krishtalka 1986; Vrba 1989; 
Wesselman 1995). For these reasons, this research project investigates the taphonomic 
and ecological aspects of micromammalian faunal remains from the Saldanha Bay 
Yacht Club site (SBYC), with the intention of making some contribution towards the 
understanding of the effect of taphonomic processes on micromammalian fauna, as 
wen as enhancing the understanding of the South African west coast 
palaeoenvironments. 
1.1.1 The site 
The SBYC site is located on the southwest sheltered extremity of Saldanha Bay (33 0 
01' S; 170 56' E), approximately 150 k.m northwest of Cape Town (see Figure 1.1.1). 
The site, situated about 7 m above sea leve~ was chosen for investigation primarily 
because of the abundant micromammalian remains eroding down a relatively gentle 
slope. For the purpose of sampling and analysis, the site bas been arbitrarily divided 
into three sampling units namely, Down Slope, Upper Slope, and the Hanging 
Remnant. The first two units are on the slope on which overwhelmingly large 
accumulations of microfauna are eroding, whereas the Hanging Remnant is a small 
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remnant outcrop with micromamma1ian fauna that are loosely cemented and appear to 
be largely in situ. A radiocarbon date derived from micromammalian remains taken 
from a section in the Upper Slope has placed the fauna at about 15,540 ± 70 years 
B.P. (GrA 18075, S. Woodbome, pers. carom., 2001). 
Figure 1.1.1: A regioul map sbOllriDg tbe loution ottbe SBYC site (information 
supplied by Cedric Poggenpoel) 
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1.1.2 Past and present em'ironments 
Although a nun1>ef of scientists have been aware of the microfuunal accunrulation at 
SBYC, no prior palaeontological investigations have been conducted at the site (J. E. 
Parkington. pers. comm .. 2002). For this reason. it ha.~ not been possible to find any 
litcmturc about the sitc. The geological selling and also the paSI and modem 
environments ofthe site .... ill Iherefore be given in relation to the general setting of the 
Saldanha Bay area. as well as the nearby Langebaan area. 
. ,. 
- --
Figun 1.1.2, A map showing Ibe ge<lJo~kal >eWIIg ofth~ Saldnha 
region (aT .... "· ,how, Ihe 10<3lioo of Ihe SBYC sit., information 
supplied by Dave Ruberto) 
SBYC lies in the Langebaan Formation (Figure 1.1.2), which comprises calcified 
biocalc-siliciclastic areniles of aeolian origin, with interbedded calcretes representing 
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palaeosols (Knox 1977; Robem. In press). According to Du Plessis and De La Cruz. 
(1977). the biogenetic deJXlsits also cortain a substantial amount of quartz., and show 
cross-bedding in some areas but not others. The deJXlsits are believed to have 
accumulated over a considerable time during the middle or the late Pleistocene 
(IIendey lllld Deacon 1977; Knox 1977: 657; Parkington 19'J9). Most of the 
Langebaan Formation was deJXlsited during the marine transgressive episodes or in 
the early phases of regression (e.g. Rogers 1986; Pcther e/ at 2[)()O). According to 
Flemming (1977), :.ediment distribution in the area is controlled by waves, and this is 
mainly determined by the energy level and the refraction patterns of the waves. 
Echoing Flemming (1977) but not referring to the Saldanha Bay area, Lyman (1994) 
has noted that coastal blown sand may be dCJXlsited in the surrounding areas, as long 
as the areas lack surfuce vegetation. Similarly, deposits of blown sand and organic 
remains such as shell may also accumulate I1 coastal areas charactcrized by broad 
shallow coastal zones or bays (Lyman 1994). It is Ix:lieved that the calcareous 
deposits in the Saldanha Bay area developed into a caliche profile and calcretc ridges 
which over the passage or time formed the hard and strongly induratcd surfaces of 
ealcrete that characterizes the whole area (Knox 1977: 657: Low and Pond 2001). 
Although climatic conditiol1'l in the Saldanha regIOn during much of the Upper 
Plcistoccoc were gcocrally cooler than those of today, the later Pk:istocene fauna in 
the Saldanha region ,vere essentially til! same as the modem (Bendey and Deacon 
1977). According to Parkington (1999), faunal remains occurring in most of the 
aeolian dcposits (calcretcs) along the South African west coast arc later insertions into 
the earlier sedimentary deposits. As owls. and more particularly barn owls, prcfi::r to 
roosl under rocky ledges (Steyn 1982), the "continuous pavements of indurated 
caliche" (Knox 1977: 661) would have provided roosting sitcs for not only owls, but 
also olher animals (e.g. Parkington 1999). 
Currently, the Saldanha Bay area lies "ithin the range of the Thicket Biome of South 
Afriea (Lubke 1996). The Thicket Hiome, although not formally recognized as a 
biome (Lubke 1996), comprises a mosaic of smaller vegetational zoocs that include 
the Dune Thicket. which characterizes the Saldanha Bay area (see Figure 1.1.3). 
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enu' (itlf"'matioR luppl;"~ by Ced rIt Pt.Ueopotl) 
Uune Thkket, cumprisl/lg dense thicket (c .g. shrub~) stn:ttchls from the Wesl~ro Cap" 
uliO the KwaZlIlu-Natal. Tho! region is fairly me~ie and is chanlcu:ri~~ by dWlt"S of 
altitudes up 10 30 m (luhke 1996), Although the biome lacks the vegetation height 
al'ld the numerolJ.~ rual:!. beklv. the canopy [hat are Mml!llly as.<;QClaled wilh Ib:: Forest 
Biome, II In'\ vt:getaooJl raogillg frum e!used shrubs (such as Nhus glauca and 
T(tlragonia ~plcata) to dwarf forests, with evergreen, l\clerophyllous or succulent 
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trees, shrubs and vines, many of which have stem spines. These vegetation t)lJes tend 
to replace forest in most areas (Boucher and Jarman 1977; Lubke 19%). According to 
Low and Pond (2001), the flora in the Saldanha Bay region is mainly rcstricted to the 
cak-rete and calcareous sands, and is home for some 297 endemic floral species. 
These b-pecies range from limestone shrubs to floral speeics occupying the stable (e.g. 
Pleroce/a.~lrus Iricuspidatu.l) and the lIJL~tablc (e.g. Eriocephalu,~ racemosul) dunes in 
the Saldanha area (Low and Pond 20(1). Inherent in the Thicket Biome area including 
the dune thicket, are a few endemics, which are predominantly succulents with a 
Karoo origin (Lubke 19%), Beeat.l'lC of the presence of such vegetation types that are 
characteristic of other major biomes, the Thicket Biome has often been referred to as 
a "'transitional thicket" (Lubke 1996: 14). In some places, the distributiou of the dlUlC 
thicket is confined to a relatively narrow area along the beach (Lubke 19%). Over the 
passage of time, however, the distribution of the dune thicket in the neighborhood of 
the SBye has been disturbed by hum.:m activities. Low and Pond (2001) have 
indicated that modem human al'tivities such as mining and dust-production by 
factories such as the Saldanha Steel facility may be destabilizing the plant 
communities around the Saldanha area. This may happen when dust influences the 
photosynthetic processes of some plant species. Boucher and Jarmau (1977) have 
also indicated that over a long period of time man has greatly influenced the 
vegetation in the Saldanha area. 
The soils in the Saldanha area and the lhicket Biome as a whole are predominantly 
deep regie dUIX: sands, togeili::r "lvith pockets of granites, calcretes, shalc ~ and 
sandstones (Lul:t:e 19%; Low and Pond 20(1). Because of the absence of prominent 
drainage ~"")'stems in the Saldanha area, the acolianites that have developed over time 
contain relatively high levels of bioclastic carbonates, as major rivers would have 
helped in diluting the bioc13..>'tics (Knox \977; Roberts and Brink, In press). The 
granite soils are relatively fertile and support a fairly wide range of vegetation types, 
including some endemic species. Some of the plant species found in the granite soils 
include I'etragonia spicata and Zygophyllwn morgsana. Biomass production on the 
granite soils is, however, impeded by the relatively low rainfall (Boucher and Jarman 
1977; Low and Pond 200\). The relatively shallow limestone soils support a uumber 
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of plarrt specieS, including Zygophyllum jlexuosum, Z morgsana and Senecio 
jloribunda The plant communities on the limestone soils are di~linguishable (Tom 
otller colllIllllllities by the high oomin!l.llCe of common species such as Z, morgsana. Z 
jle.xuosum, .<,: jloribunda and Ehrharta calycina, as well as low occurrence of ~pecies 
such as Rhus glauca and Salvia lanceo/aia (Boucher and Jannan 1977). 
A~ detailed in Table I. 1.2, the Langebaanweg area experiences winter rainfhll, and 
recelVes an average annual rainfall up to about 278 rum. Maximum mean annual 
temperature in tile Langebaanweg area is about 23°C (Wc&her Bureau 1986; 
www.weathersaeo.za!climal/Climstats/Langebaan _ Stats.html). 
Tabl. 1.1.2, T~mp.ratu..., 3IId rainfall data for Ibe 
langcbuft .... ' arn. 
Temperature Precipitati n 
Average dal y Average da~y Average monthly (mm) 
Month maldmurri ('C) miliTlllTl (OC) 
Jaooary 
" " 
S 
February 
" 
15 , 
March 
" " " Apri 
" " " "., " " '" "~ " S " 
""" " 
, 
" AlI!lust 
" 
, 
" September 
" 
9 
" Octo"'" n 
" " November 
" " " """"'"., 26 14 10 
y~, 
" 
11 
'" 
1.2 Chapter summaries 
Small marrunals living loday in various microhabitats and climatic zones have been 
wel! studied which has enabled associations between f,mmll types and ecokJgy to be 
inferred (e .g. Kingdon 1974; Southern 1979; Smithers 1983: Avery et 01. 1990; 
Skinner and Smithers 1990). It has. however, been demonstrated (e.g. Krebs 1996) 
, 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
that intraspeci£c and interspeci£c relations in small mammal communities are fur 
from simple. With a view to shedding some light on the ~iructLlres and dynamics in 
small mammal populations, Chapter Two discusses the interactions within and 
between modern ~mall mammal populations and their environment, and the influence 
that these interactions may have on the composition of micromammalian faunal 
assemblages. Ii is plausible that thc:: SaJlle interrelationships eldsted among tho:: small 
mammal species represented in the SBYC faunal samples, and these relationships 
would have influenced the composit~n of the faunal occurrence. In addition, Chapter 
Two further looks into tho:: role that predation and othc::r environmental phenom:na 
play in dctcnnining the composition of micromammalian faunal assemblages (e_g. 
Mellei 1974). 
Most analyses of small mammal remains in South Africa (e.g. Avery 1982, 1986, 
1987,1990) and e\scwhcre (e.g. Marean e/ al. 1994) have concluded that bam owls 
are the major accumulators of micromammalian remains_ Taphonomic analyse~ of 
micromamrnalian remains from Elands Bay Cave, South Africa, have, however, 
favoured the suggestion that several predators might have contributed towards the 
accumulation of at least some of the faunal assemblages (Matthews 1999). Elsewhere, 
Andrews (1990a) and Fcmandcz-Jalvo and Andrews (1992) have suggested that 
several predators were invo\1,.-ed in the accumulation of the We~tbury (in England) and 
the Gran Dolim (in Spain) ~maII manunaI remains, respectively. Although no prior 
palaeontological investigations have been conducted at SBYC, it has been suggested 
(J. E. Parkingion, pers_ comm., 2oo1) that owls, which arc major predators and 
accumulators of small manunaI remains (e.g. Avery 1982, 1992; Andrews 1990a. 
199Ob; Matthews 1999), would have played a significant role in the accumulation of 
the SBYC microlimna. In view of the debate regarding tho:: aecumulation of small 
mammaI remains, and without making reference to any parlicular micromammalian 
faunal site, Chapter Three offers some insight into the diffurent processes through 
which micromammaIian remains may accumulate. 
Taphonomic processes such as digestion, trampling, weathering, abrasion. diagenesis, 
as well as damage through the recovery procedures all cause modifications to hones. 
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These processes may alter the structure. size and texture of skeletal elements 
(Rehrensmeyer 1975; Andrews and Cook 1985: Ronnichsen 1989a; Marshall 1989; 
Oliver 1989; Andrews 1990a: Femandez-lalvo and Andrew~ 1992; Femandez-Jalvo 
1995; Reitz and Wing 1999). Once identified, diagnostic signatuTe~ !ell by the 
differerrt taphonomic proccsses, which may include etching during digestion, 
breakage caused by the predators and pedogenic corrosion after burial have the 
potential to yiekl inlormation about tire taphonomic history of the fauna. The 
diagnostic feature~ may, for in~tance, provide information about the potential 
predators that would have accumulated the fuunal assemblages, and also the 
envirolUllCnts in which the fauna acclUllulated or were derived (e.g. Andrews 1990a; 
Fernandez-Jalvo rnxI Andrews 1992; Denys et ai. 1997b; Mallhe",~ 1(99). While 
borrowing largely from Andrews (1990a), Chapter Four discusses the effect of 
taphonomic proce~se~ on small mammal remain~. 
Because of the taphonomic and ecological factors that influencc micromammalian 
fauna (e.g. Andrews 1990a), interpreting pattcrll.'l in micromanunalian fuunal 
~semblages may not only be fraught with difficulties but may also result in erroneous 
interpretmioll.'l about the COllllUUnitieS from which the fauna were derived (e.g. Avery 
1990). This h; "ssentially because, depending on the taphonomic rnxI ecological 
fadon; that would have infIlreuced the fauna, tire composition of fossil assemblages 
may sometim::s diffcr from thc living comnnrnities from which they CatJl<: (Marshal1 
1989: Andre",~ 1990a). Andrews (l990a) and We~selman (1995) have noted that a 
faunal assemblag" may sometimes include representatives ii-om a mosaic of 
palaeocommunities, all representing diffcrent palaeo-habitats. Taking into 
con~ideration the ",ide range of taphonomic an.I ecological factors that influence 
micromanunalian faunal assemblagcs (e.g. Andre\\~ 1990a), Chaptcr Fivc 
demoll.'ltrates the importance of integrating both taphonomic and ecological factors in 
the attempts to unde~irnxl patterns "vident in micromammalian faunal asSi:'mb1age~ 
and also in the use of micromammalian remains to reconstruct palaeoemironments 
(e.g. Avery2001). 
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Investigation of the taphonomic am ecological factors that have influenced the SBYC 
micrornammalian launa followed pTOcedl.lres outlined in Chapter Six:. The patterns 
that characterize the SBYC microfauna are clearly reported in Chapter Seven, and 
these include a species list that shows the representation of at least 18 
mkromammalian species in thl SB Y C launal samples. 
In South Africa and other parts of the world, micromammalian rcmains have been 
used in the reconstruction of palaeoenvirorunents (Avery 1981, 1982; Black and 
Krishtalka 1986; Andre'Ml 1990a; Femandcz-Jalvo 1995; Wessehnan 1995). 
According to Wessehnan (1995: 356), the use of microtnaIlllllals as 
''palaeoenvironm:mtal indicators rests on the principie of actualism, which implies 
that the fossil taxa had ecological requirements similar to those of the contemponuy 
species they most resemble". The theoretical basis fOT the use of micromanunals as 
palaeoenvironmental indicators is also predicated on the assumption that climate 
change brings about change in vegetation. which in turn may affect the dynamics and 
community structures of small mammal.s, as small mammals are relatively habitat 
specific and sensitive to envirorunental lluctuatioll5 (e.g. Avery 1990; Marean ct ai, 
1994). Using the SBYC micromammalian fauna as an exampie, faunas that prefCT 
moist environments with dense vegetation (e.g. Otomys irroralUs) are, for instance, 
distinct from faunas that prefer sandy substrates with dry grassland (e.g. Sleatomys 
krcbsil) and when these distinctions are made, it is possible to correlate and discern 
ecological zones (e.g. Avery 1992). Tn view of this, ahhough ChaplCT Eight is large!)' 
dedicated to discussing the patterns (results) obsc!ved in the SBYC faunal samples, 
the micromammalian species represented at SBYC are further used to infCT 
palaeoenvironments in the SBYC area. 
The main findings that have resuhed from this pTOject are summarized in ChaplCT 
Nine, and suggestions on issues that nood to be investigated OT considered while 
studying micromallunalian fauna are made in the same chapter. 
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CHAPTER TWO 
Biological and ecological factors affecting the 
composition of micromammalian faunal assemblages 
2.1 Introduction 
Investigations of modern ecosyst= have shown that complex ecological, 
evolutionary, geological and geochemical proCC8SC8 influence the interactions within 
and between species in biological communities (Huston 1994). Although it is beyond 
the scope of a thesis to discuss the processes indIvidually, it is important, 
nevertheless, to ]XJirrt out that biokJgicaJ parameter8 suclJ as mutualism, 
commensalism, pTeodation and competition are at play in all living communities and 
that these may impact either positively or negatively onto the ecosystems or parts of 
the ecosystems. The removal or introduction of a particular species in a community or 
even a change of behaviour in a keystone species such as a predator, for instance, may 
call for certain readjustments in the community, depending on the role the species 
played in the dynamics ofiliat community (Ne1 and Rautenbach 1975; Krebs 1978, 
1996; Andrews 1990a; Huston 1994; Reitz and Wing 1999). Disruptions of 
comnumity dynamics and structures may be followed by new patterns of conummity 
organization, gradually leading to stahiIity (Nd and Rautenbach 1975; Krebs 1978). 
An accurate interpretation of the communities from which micromanunalian faunal 
remains may have been derived will require an understanding of the d)'1liUlJic8 and 
structures in small mamma1 comnumities. This understanding will provide a logical 
basis on which to interpret the composIion of small mammal faunal assemblages, as 
intrw;p<:cific and interspecific characteristics and relationships such as predation and 
competition, together with environmental factors such as the nature of the substrate, 
may influence the distribmion and dynamics of small mammal populations (e.g. Nd 
and Ralltenooch 1975; Kreoo 1978; Krohne 1997; Stapp 1997). It i8 realistic to 
surmise that the distribution and the dynamics inherent in small manunal conununities 
will influence factor8 wch as prey availability and vulnerability to predator8, and 
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sllbseqllently the micromarnmalian remains that appear in predator-generated faunal 
assemblages. 
2.2 The small mammal community 
As Krohne (1997) has rq:mtcd. the quest to document spatial d}namics of 
micro!Illlllnlaiian. communities requires an understanding of the landscape. This il; 
largely because it is factors associated with the landscape such as the nature of tk: 
substrate and moistnre conditions that influence. for instance, plant communities. 
Plant eonununities may in turn influence spatial distribution, species composition and 
also species equitability in small mammal populations (Nd and RautcnM;:h 1975; 
Krohne 1997). In addition, Huston (1994) has pointed Ollt that the composition of any 
biological conununity will be influenced by many environmental parameters, 
including productivity. It has been suggested (Inouye et al. 1997) that variations in the 
microtopography may influence tk: available resources for small mammal 
populations, 35 demonstrated by the mounds of soil created by the pocket gopher 
(Geomys hllr.l'arius) 35 it burrows. On the mounds, a mosaic of vegetation types 
develop, leading to numerous discrete microhabitats (Inouye et al. 1997). 
Investigations by Stapp (1997) have revealed how the microtopographic variations 
created by the pocket gophers intluence the d)'nWTllcS of the northern grasshopper 
mouse (Onychomy.~ leocogaster). 
lNhiIe ac1rnov.icdging that each individual as well as species in a community responds 
uniquely to external f.iCtors such as the availability of resources, Stupp (1997) 
investigated habitat use by the northern grasshopper mouse (Onyclmmys leocogasrer) 
inhabiting short-grass prairie in north-central Colorado, in the United States. 
Investigations revealed that the grasshopper mouse preferred to live in areas where 
soil had been disturbed by another rodent. the pocket goph:r (Geomys bursarills), 
wlOCh according to Inouye et al. (1997) builds eJctensive und.erground burrow 
sy~ie=. depositing soil on the surface and fonning discrete mounds. These mounds 
aM oorrows provided hom:s for a wide range of arthropod species. The grasshopper 
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mouse, being insectivorous, smwed more preference for the burrows and mounds 
microhabitats (di~turbed soils) than to tlx:: shrub and otlrr microhabitats in the 
vicinity (Stapp 1997). 
It is important 10 point out that the dynamics of any particular roderrt species are 
complex, and inlra~pecit1c dynamics and population structures may be influenced by 
factors related to ooth the maero- and microhabitats. The elimate of a large area, for 
instance, may aifect the vegetation of tlr microhabitats within that area (e.g. Stapp 
1997). Al; an example, Stapp (1997; 112R) ha~ poinred out that, "although tlr local 
abundance of the gra'lShopper mouse is hest explained by tlx:: availability of suitable 
IOraging microhabitats, the re1ation~hips hetween these microhabitats and 1Ir edaphic 
characteristics are intertwined". According to Stapp (1997), it would he difficult to 
separate the roles of the microhabitat and macrohabitat for a wide-ranging sjX:cies 
such as !he gra~shopper mouse. Krohnc (1997) has also argued that even within 
micromanunaJian populations there are fundamental spatial diftCrenccs in tlx:: 
dynamics and stfl.lctures of the in<lividual species and that tlx::sc may vary from one 
place to another. 
It ha~ further been argued (e.g. Krolm:: 1997) that, altoough there may be spatial 
variatioru; in resources between different habitats, bol.llldarics between habitats are not 
distinct. This is because factors such as behaviomal traits within and between 
micromammalian species may provide opportunities for competition and <Jifterential 
exploitation of resources, with the better adapted and common species having an 
advantage over tn: others (Ne1 and Rautenbaeh 1975; Krebs 197R; Krome 1997). 
Investigations of habitat Ix::terogen::ity and habitat use by rodents in the southern 
Kalahari have, for instance, shown that, although tlr micromammalian sjX:cies 
pre1erTed different and spatially discrete microhabitats, some species showed a 
"idespread occurrence (Nd and Rautenbach 1975). Among the small manunal 
populatioIl5, GerbillWII.\" sp. occmred in high density in the dllilC crest habitats and 
was also widespread in other habitats. The high occurrence of Gerbi/Jllrlls sp. in tlr 
dune crest microhabitats suggested that it would have faced little competition from 
other rodent species in that habitat. On the other hand, the very low occurrence of 
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Gerbil/urns sp. in habitats such as the calcrete riverbank suggested that this species 
would have been furaging possibly in years of kJw productivity in resident areas, but 
not living there. The observations made on the micromammalian populations in the 
south:m Kalahari led the researchers to point out that "the number of species in a 
habitat reflects the avai1ability of niches, but not the relative carrying capacity of the 
habitat" (Nd and Rautenbach 1975: IS). It is conceivable that predator assemblages 
derived from habitats with many niches will tend to yield higher species diversity. 
'The presence or absence of dispersal corridors may further influence the distribution 
of micro mammalian ~-pecics (Krohne 1997). Because Gerhillurus sp. thrives in sandy 
substrates. the presence of sandy environments in the southern Kalahari would have 
provided dispersal corridors for this rodent (Nel and Rautenbach 1975). In fuet, 
Hughes e/ ul. (1995) have experimentally observed that there are intraspeciflc 
difti:rences in the dispersal and foraging patterns among the Namib Desert gerbils 
(Gerhillurus lyloniiJj. which may be significantly influenced by the nature of the 
substrate particularly in relation to the size of plant seeds that the gerbils preferred to 
cat. As the size oftbe substrate sand grains difrered from one microhabitat to another, 
there was competition for the microhabitats in which substrates comprised sand grains 
larger than the size of seeds. This was largely because the ability for the rodent to 
discriminate seeds was higher in such substrates, making foraging more efficient. The 
lIlOre dominant members of this species would have inhabited the microhabitats ill 
which foraging was more efficient (Hughes e/ al. 1995). 
[t is worth emphasizing that the esseniial fuaturc of the landscape that will determine 
the distribution of small mammals is the quality of the habitats and niches in terms of 
their resources. This is largely due to lIlOSt individualll or specics living in just one 
microhabitat in a heterogeneous landseape that contains habitat patches of 
significantly difti:rent quality (Krohne 1997). Huston (1994) has argued that the IDJst 
IDJbi!e vertebrates tend to minimize the cffuct of environmental heterogeneity by 
concentrating their activities in fuvourable areas that provide their ecological 
requirermnts. By so doing, they convert a heterogCllCous habitat into a homogeneous 
one by fucding and living in a restricted area (Huston 1994). 
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Alw important is the relative behavioural plm;ticity inherent in small mammal 
populatiuns. As Halle (1995; 88) has argued, too behavioural traits inherent in most 
small munnnaI populations are nut '"a fixed program''. but are flexible and subject to 
change, depending on particular situations. Investigations by Fenn and MacDunald 
(1995) un the Norway rats (Rallu.)· norvegicu~) living near a midden in Oxrordshire 
have, for instance, revealed that this largely nocturnal rat becomes almost entirely 
diumal in summer when red foxes (Vu/pe.)· vulpes), which are also nocturnal, frequent 
the midden. TI*; is a preda\ur-avuidance behaviour, which is largely determined by 
the periodic changes in the furaging behaviour of the red foxes, as the rat~ revert to 
their llUC\umal activity pattern in winter woon too red foxes stop visiting the midden. 
Similarly, Tamura and Yong (1993) have reported that tree squirrels (Cal/osciufuS 
spp.J living in Ulu Gumlxlk, in Malaysia, have developed anti-predator vocalizatiuns 
and are able to alert one another through staccato barks when a predator has been 
sighted. In view of this, it may be stated that, although predation may impact 
negatively on small mammal populations, most small mammals have developed 
escape mechanism~ and tl*; help<; in stabilizing the populations (e.g. Fenn and 
MacDonald \995). 
In spite of predator-avoidance behaviours amung micromanuna1ian species, predation 
continues to be an important phenomenun that significantly directs and influences the 
dynamics and structures in small mammal oollIllunities (e.g. Krebs 1978). Depeooing 
on factors such as the reproductive rate of small mammal populatiollS, the effect of 
predation in small marrunal corrlfmmities may, however, vary. Observations by Krebs 
(1996) on the collared lenunings (DieTOs/onyx groen/andieus) and the tundra voles 
(Micro/us eoeonomlis) a\ Pearce Puint in the western Canadian Arctic have revealed 
that heavy summer predation on the lemmings by predators such as the red fox 
(Vu/pes vii/pes) and the ruugh-legged hawk (Bu/eo lagopus) leads to population 
decline in \he rodent cummuni\ies. The periodic poplila\ion decline has largely been 
attributed to heavy predation in SUIIlIllef that does not correspuoo with the 
reprodudive rate uf the rodents. This is because the rodent populations emp\ again in 
winter when tlr rodent~ breed (Krebs 1(96). It has, however, been argued (e.g. Krebs 
\(96) that predation alone may mt always lead to periodic fluctuations in small 
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mammal populations. Experiments by Kreb~ (1996) showed that the removal of 
predators /Tom vole populations did not lead to a ~harp increase in the populations, 
~uggesting that predation by itself rnay not have an advenl,l effeet on small manuml 
populations. It is., nevertheless, widely accepted that predation play~ a significant role 
in determining the composition of micromanunalian populations and also the kind of 
predator a~semb1age~ that accumulate !Tom such populations (e.g. Mellet 1974). 
2.3 Predator and prey habitats 
Whilc acknowledging the complexity of the predator-prey relationships (e.g. Andrews 
1990a), attempts to understand these relationships should include the investigation of 
how they are intertwined to their habitats. This i~ because the kind of habitats that 
both the predator and the prey species prefer to inhabit may influence species 
diversity in predator assemblages. Understanding the preferred habitats fur each one 
of them, as well as their hunting areas is therefore imperative, as ta:se phenomena 
have been shovom to govern to a large extent the di.~tribution of both the pre)' and the 
predator species (Krebs 1978; Fernandez-Jalvo 1995). 
Predators may prefer to live in certain habitats simp!)' because their prey species 
occupy those Meas. SkiruJ:r and Smither~ (1990) have ~hown that servals (Felis 
servaf) in southern Africa prefer to live in proximit} to water and in areas with good 
vegetation cover. This may be because one of the servals' main prey spedes, the vlei 
rat «()romp spp.), is also kmvm to prefer grassy and swampy areas (e.g. Avery 1982, 
1987). Conversely, Andrews (1990a) ha~ jXJinted out that a pre)' species /Tom a 
particular microhabitat rna)' be underrepresented in predator famml accumulations if 
the habitat docs not fall within the hunting range of the predator. Such a pa:nomenon 
has been observed in buzzard pellets where the vole, Clerhrionomys glareo/us, is 
underrepresented essentially because it prefers microhabitats with dense vegetation, 
whereas the bu:nard favours lIXJre open environments (Andrews 1990a). 
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In spite of the poor understanding of the living/foraging ranges of most predators and 
its effect on species diversity in predator assemblages, it has been acknowledged (e.g. 
Mellel 1974; Andrews 1990a) that, depending on the Si7.e of their hunting territory, 
predators may increase species diversity in faunal assemblages by including ~mal1 
mammals from areas that are distant from those where the pellets or scats are 
deposited. In southern Africa, plasticity in habitat selection has been reported among 
the small-spotted genet (Genetta genetta). This small carnivorous mammal occun; in 
parts of both the southern Savanna BioIlIe and in the South We~1 Arid Biome, where 
it utilizes a JOOsaic of environments (Skinner and Smithers 1990). It is plausible that 
the plasticity exhibited by the small-~-potted genet will influence the composition of 
faunal assemblages accumulated by this carnivore. As noted earlier in the current 
chapter, plasticity in the selection of habitats has also been observed among small 
mammal communities. The pygmy mouse (Mus minutoides). for instunce, is known to 
occur in a variety of microhabitats, including the Cape fYnbos (e.g. Stuart and Stuart 
2001). It may therefore be sunnised that plasticity in lhe ecological requirements of 
both the predator and prey would bear a significant effect on the nature of launa! 
assemblages that will result from the once living community (e.g. Shotwell 1955), and 
that this may be determined by the distribution of both the prey and predator species, 
rather than by the si7e oflhe territory (e.g . .t\ndrews 1990a). 
2.4 Predator behaviour 
Although a considerable amount of time has bc.en expended in trying to understand 
the behaviour of the predator and how this influences the accumulation of small 
mamnw remains (e.g. Andrews and Evans 1983), the details of predator behavioural 
traits are far from being understood (Krebs 1978). This deficit may be associated with 
a lack of understanding of all the structures and d)ThlIllics of any particular 
community (Chaplin 1971; Krebs 1978). In fact, Delcourt and Ddcourt (1991) have 
argued that no modern ecosystem has completely been investigated and therefure the 
heterogeneous nature of eco~"y~1elIlli is not fully understood. Actualistic investigations 
of not only predator but also the prey species, have, nevertheless, yiekled interesting 
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in!onnation conc<mJing possible behavioural traits \ha\ would also have existed in the 
past communities (e.g. Andrews 1990a), More importanlly, il is worlh menlioning 
that predator-prey sys\em~ have co-e~olved over lhe passage of lime and \hal the 
stabilily existing in these sy>tem~ has resulted from this continl.led and b'TIldual co-
evolution (Krebs 1978; DiMichele 1994). 
In addition to the many physical peri-mortem and post-mortem proces.<;es \0 which 
small mammals are subjected, predator behaviour may resul\ in faunal assemblages 
tha\ may not be a true mirror of the original communities from wh1ch they were 
derived (Avery 1982; Andrews 199001. 199Ob; Ma\\hews 1999). Investigalions ofoolh 
faunal accumulations and !TXJdem ecosystems have suggested that predalors hunl 
selec\ively. Hunting behaviour may be inOuenced by lactors such as prey preli:rence, 
prey availability and vulnerability, prey daily ac\i~ity pa\\em (diurnal or nocturnal), 
seasonal variations, prey si7.e and prey palatability (Krehs 1978; Vrba 1980; Kemp 
and Calbum 1987: Andrews 1990(1). As a result of these factors, among otlv;:rs, 
predator ilSsemblages will onJy represenl remains of llv;: prey species commonJy 
hunted or available 10 the predalor. 
If WI taphonomic factors ,vere equal, fimnal assemblages accumulated by the more 
generulized and opportuni;tic predators such as the tawny owl will tend to yiekl high 
species diversity and to exhibit a relatively high micro-spatial heterogeneity 
(Sou\hern 1954; Andrews I 99Oa). On the other hand, faunal assemblages 
accumulated by specialized predators such as the grcat-grey owl, which prcfers voles 
and particularly Microtus agresris, will tend to yield assemblages with a relatively 
low species diversity and low micro-spatial heterogeneity. The bam owl, an 
intennediatc predator that preys largely on the more abundant species while at the 
same time exploiling other available prey ;-pecies within a certain si7.e range, lends 10 
yield assemblagcs with a relatively high speCieS richness. Prcdator assemblages 
resuhing from barn owls also tend to exhibit a relatively high micro-spatial 
heterogeneity, although equitabilily may vary wilh a bias lowards tre more dominant 
prcy species (Avcry 1982. 1990; Amre",~ 1990a. 1990b). In spite of the prey 
selectivity exhibited by predators, it is importanllo point out \hat whenever prelerred 
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prey species are unavailable, predmors, even the very specialized ones revert to other 
prey species (Southern 1954; Andrews 1990a), 
Another factor limiting the runge of species diversity in faunal assemblages will be 
the maximum prey size partieular predators can take (Andrews 1990a; Taylor 1994). 
Although Andrews (l990a: 28) concurs that there is normally a size bias in all 
predator as~mblages, he points om that there is a generally "predictable size 
equivalence between the predator and the prey". In view of this relationship, Avery 
(1988, 1993) has reported that the barn owl preys largely on rodents and insectivores 
whose average body weigln is below 150 g. On the other hand, the Cape eagle owl, 
one of the largest owls, preys on much bigger prey species than does the bam owl and 
remains oftcrrestrial mammals as large as the hare have been found in their nest sites 
(e.g. Kemp and Calburn 1987). 1be small carnivorous mammals are also known to 
take prey of a certain size range. Among the viverrids, the white-tailed mongoose 
takes prey up to the size of the hare (2.6-5.0 kg), while the small-spotted genet takes 
prey species between 1-2 kg (Andrews and EVWlS 1983: 297). 
The daily activity patterns of both predator and prey will also have !Ill impact on the 
species represented in predator assemblages. Largely nocturnal predators such as bam 
owls are likely to miss diurnal prey species. Avery (1987, 1992) has reported that 
remains of the predominantly diurnal striped field roouse (Rhabdomys pumilio) are 
usually underrepresented in pellets of the barn owl, which is largely nocturnal. 
Similarly, the diurnal grass mouse (Arvicanrhis niloticus) is missing from faunal 
assemblages accumulated by nocturnal eagle owls in the Serengeti (Andrews 1990a). 
Behavioural traits in one species may, however, vary from one place to another. Ste,/ll 
(1982) has reported that in England, the bam owl is known to hunt in dull days as 
well as at dusk. It is therefore realisti.c to suppose that these behavioural variatiol1'l 
will influence species representation in predator assemblages, resulting ill predator 
assemblages in which both nocturnal aoo diurnal prey species are represented. Table 
2.4.1 summarizes som:: of the factors that may influence prey intake by predators, 
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T ahl~ 2.4.1: rr.d.lors, th. ir preferred h.rntot, .lId prey spceie. «ompikd frOO1 Appc~di' 2). 
Species 
0"" 
Barn owl 
Grass owl 
Marsh owl 
African Wood owl 
Sr><>tted ~agl~ owl 
C3p~ eagl~ owl 
Gilnl eagl~ owl 
Habitat & activity pattern 
~ oo.xltry C/ .. ",,~ 'onmeot> 
iar¢; noctum~ 
WeI eolretj on ,ho ~rCUld: coni,,,,, 
m~n~'" apen bot moi., Il'''~ond 
bo>c,eo rn """'~; noctLXn'" txt rt"IO\I 
~>O ro-:t on O'.eI"o .. t J"", 
Prey preference 
,,,od,~' ~ ,~, m' ~ ~ ,ode<to; "'0 
I", .. """...... bi'cl>, I",,,", ..-np,bi..,. ""d "" "01, 
,00..-·11, m"'~ he vie< ,;;b, .">gj ~ 'cls. I,"l' ond 
~. &0 toke, 
.. ""rio 0< , ...... ~'''' •. Ol.<tvl c/'''''''', ,OOor.t. e.~. me. ""d ,to; ro." Irr~.' •. "'~I 
~"che. c/ 1<>(0", e,"PJ'ou ,", 
~ m~n~'" I" .. ". includ " Q 
,i;e<"" f",,,,,,,. ","'". ='LX'~ 
, _ 1Oty of ~"'"'". incw ~{l """" 
""",,",,,"',n.:j """'''. '>x'"''''' 
1'ClQ', Iz",,,, ,,,d ~ ,ds are "" 0 'okor. 
"",I<d ~'<'I. txt """""./; i",OCl>, ' iol .0 .:d..lolI birds, 
"n o'! ,o:!<nI • • h,,,,,, ..... 0 IrClQ' 
"",.ooJ P <'I, W "",,"".,,"0.<1$' ,oo..nr •. ..n, .... ~ 
",ub~. 101_ """ 0_. h .. b",. ~'" ''''." pC""'''' _ "', ".,;a, 'odo<l1<, , h",""",,,n.:j 
~ulleyl, rn '."or 'CO; "" wol .... 1, "1I'l+/ >In,.. , om"","" •. ~ 11>0 9""'" ¥<t trw. "'''''' 01"" I",,,,, 
nV;'LKn ,.. oul"""'l' '"" .. d.:Iw" or """ 
,"", ""'" \o.g. ,"v¥>no "''''" 
VIOOGign J \, ond "" 0 ~. ,.\OJn "" ,,"'" 
=:"",. txt m,.,. "'0 I"u".' ru-~.g:he 
"-
"""" ' '''9" " P'''Y 'pol<>B$ indLl, <>g 'Ill~: """"'0)", 
''''''''''' .n,,,,,,", '>rd •. ~,." n od. 
Carnivorous mammals 
African wild cat 
Bal·eared fox 
wr,e ''"''tlOt """''''''0, bi,' ...v,o, 
",,,' .• '<NO<, e~. ~"'. "~,, 0< 
tool 17'.". ..,t<toi'y ,oct, .. n '" 
""'"' h.t;'1Ot '"""",,, •. Q. 0p«1 ~".,,<I:nj 
"' , war:>j "'"" ,n.:j , ,,'" .e,,",; d"" ~ 
.." noctL.<n~ 
,""',. re.~. Mo;","Y' 'W .. vie< , .... \l"rIl "' l ,,,,,,,, ale 
t; r d< ",,0 , .. "" 
... ,_1"", •• nO '"'Ill ''''' 
Bllck·tlacked jackal wdo hol>, .. 'ol"".nc" , o.JlIll""'" elf.... ""I<d J i,," " cl .... "" ~""<hopper<., :on~ ""' . ooot",. , 
Car>" fox opi!n coontry \O,g, ,oroo ",OJ ,cr'L,b, 
.... .. ""' J, !ycboo): "~ noctL.<n>l ,opt.." , bir" ond ,.;t-fo," " . ~,o tok~n 
Sm~ll s...,tted genet """""~ op!IO rn "d are .. ; >100 OCCl.<> ,">gj frey. """"dI"" mur","" ~",,",, bin,", rep<ile>, ¥T"4'~r-:.o 
.., woodIond .""""' • .. 't,d~ r·",:\lT,. 
Surlcate ~. """"" iO'., I."'"y '" catc,"ooo"'i m~n~ ..,,,,r1<tJrale< t< ,d<. ",u, rept>o. ,. lO ""I', jbi "" 
,. lO i!l1l~ 1'09""'00 ,ol>'''". _""" _ t"''''' 
Small grey mongoose wdo h,M .. :_""'" re.~. lore>< , opeo m>ln~ irwe<Io'orat .. , ' "' .. '00""" -: • . ~. ,,..,,.,.:', birds , 
Yellow mongoose 'iIn<l'f ,ct.;tn". on oporor. """' ry. ° g 
, nO't (0' .. ,,,",,, .. ·.-doOSM "".t, 
"'\I"~ J ..... r at 
'"~n~ ",_'010> ", .... "00e'" ,:,,,,.,n.:j m.;e). 'W"'" 
,00 ~'''''< ",, 0 ,ok"" 
Seasonal ~hange' in diet and degree "j" prey con,wnplion have also been obs.erv~d in 
,orne predators (e,g. Steyn 1982). Analyses of tavmy owl pellets in the Ilorth;:rn 
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temperate zones have suggested that these owls revert to taking moles and rats during 
their breeding period around May because it becomes difficult to locate mice in the 
thick vegetation at that time of the year (Southern 1954). Slcyn (1982: 241) has also 
reported that in the Transvaal (South Africa), ham owls' daily conswnption was 
highest in autunm and winter when the birds !reed. Ofintcrest to note is that sca~onal 
behavioural changes in some prey species have made them more vulnerable to 
predation. The relatively high representation of male root rats (Tachyoryctes 
splendens) at the Enkapune Ya Muto rock-shelter in the Kenyan Central Rift, together 
with the available behavioural data on root rats, led the analysts (Marean et at. 1994) 
to suggest that male rats would have been heavily predated by the owls during th: 
mating season as they would have left their burrows in search of mates. Andrews 
(l990a) has also noted that in the northern temperate zones moles are heavily 
predated by birds of prey as they leave their nests to travel on the surface. Although 
the above plJ:!nomena are ephemeral and may not he detected in the Rlssil record (e.g. 
AVer")' 1982), it is plausible that the individuals and.lherelbre species that are heavily 
predated ",ill appear in relatively higher pro)Xlrtions in the fuunal assemblages. 
2.5 The physical environment 
Environmental factors may influence the diversity of prey speCles that will be 
available to too predator and that may end up in the fossil record. It has been reported 
(e.g. Krebs 1978; Avery 1990; Reitz and Wing 1999) that envirOllllJl!lIS that are 
unpredictable and have extreme climatic conditions and little vegetation tend to host 
relatively low numbers of species. Conversely, it has been suggested (e.g. Krebs 
1978; Reitz and Wing 1999) tbat en\'iromJrnls that are generally fuvourable and 
enjoy a relatively high productivity tend to have quite high species diversity and finer 
specialisation of fuunas. These statements are based on observations that the tropics 
host relatively higher biotic diversity than do the temperate regions. This has been 
attributed to the complexity and the stability of the fonrer regions, which has enabled 
more species to evolve and diversitY over time (e.g. Krebs 1978; Avery 1990; Reitz 
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and Wing 1999), It is thus reasonable to suppose that predator as~mhlages from 
regions that are fairly stable ""ill yield relatrvcly high species diversity. 
Because micromammalian populations arc relatively habitat specific, flucmatiollS in 
cnVlrol1ll'Cntai parameters such as temperature and moisture level may influence the 
nature of vegetation cover and other ecological requirements of various species 
(Avery 1987, 1988, 1990, 1992). As an example, investigations of small mammal 
populations in a semi-arid site in south~central California revealed that the 1989-1991 
drought reduced the small mammal populations (White ct al. 1996). It is realistic to 
suppose that such changes in small mammal populations will influence the 
composition ofpredalor a:>scmblages. 
It ha:> been suggested (e.g, Kemp and Calbum 1987) that the nocturnal behaviours of 
micromanunalian specics may be influenced by physical envirol1ll'Clltai conditiollS. 
Some rodent prey species such as root rats (Microtus oeconomus) are known to show 
reduced levels of activity at fullllDOn (Halle 1995). According to Kemp and Calbum 
(1987), thesc seasonal behavioural patterns are associated with the animals' avoidance 
of predators. It is realistic to surmise that such behavioural changes may influence the 
prey species that will be available to the predator, with the possibility of a relatively 
similar influence on species diversity in the predator assemblages. 
Whilc acknowledging the complexity in the relations between species diversity, biotic 
and abiotic factors, as well as underscoring the fact that cnvirol1ll'Clltai changes in the 
past may have triggered changes in mean population densitics, Avery (1982, 1990) 
has argued that long term fluctuations in the mean population densities woukl have 
been caused by large scale environmental phenomena. Avery (1982) has further noted 
that long-term flul.-"tuatiollS are IllOre noticeable in fdunal assemblages than short-tenn 
fluctuations. Delcourt aOO. Delcourt (1991) have also argued that on a macro-scale, 
Quaternary ecoklgy would have been disturbed by large scale environmental changes, 
while at the micro-level, short term disturbances such as fire, would have resulted in 
the depletion ofthc vegetation, dccimatklll ofncsts or burrows, and cOllSCqucntly the 
disturbance of comnrunity dynamics and structures. The latter proposition by Dekourt 
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and DeleouTl (1991) has been echoed hy Marean el at (1994) and Matthews (1999), 
who havc argued that fluctuations in micro mammalian popldations may be caused hy 
factors that havc no direct association with large-scale controls on the natural 
envirorun:nt. Marcan et at. (1994) havc, for instance, reponed that at Enlmpune Ya 
Muto, the pastoral burning of grassland that took place alter 5200 years RP. wouki 
have influenced the decline in the relative ahundance of the groove-toothed rat 
(Otomys irroralUs), a small mammal species that prcfers thick grassland and hush and 
finds difficulty in living in area.~ where grass is regularly burned. Krebs (1978) has 
also noted that changes in climate and/or other envirorun:ntal variables may bring 
about small-scale cyclic changes in the internal dynamies of COIillTIllnities, which 
would afl:ect aspects of the community such as species diversity. Similarly, Osman 
aM "Whitlatch (1978) have argued that any funn of environmental disturbance, 
ranging from changes in environmental variables such as temperature to 
environmental productivity would alTect species diversity. especially at the miero-
level. This is because such disturbances would influcnce :factors such as predation and 
species reproductive rates, which are believed to vary in response to changing 
environment. The elfect of the disturbance to the biotas would, however, be 
detcrmined by the :frequency and magnitude 01" the disturbance, and habitats that arc 
filirly stahle would tend to yield relatNely high species diversity (Osman and 
Whitlatch 1978). It may be argued that the environrno:ntal changes mentioned above 
may have some intluence on the prey species that will be available to the predator and 
subsequcntly the faunal remains that will reach the analyst. 
Although environmental factors may havc som:: impact on small mammal 
populations, it is worth emphasizing that different species react differently to a variety 
of en,ironmenlal parameters and may adapt in respollSC to a chang~ envirolllD:nt 
(Krebs 1978). Invcst~'<ltiollS havc suggested that species diversity may be relatively 
high in UIlStable environments as suggested hy the ability of species soch as the 
southern Kalahari Gerhillurus sp. to colonize ecrtain optimal areas, and also exploit 
other areas in the event of unfavourable climatic regimes in the optimal areas (Ncl 
and Rautenbach 1975). In addition, there arc environments that are transitional in 
nature and therefore host relics of ecological characteristics that are, otherwise, Ibund 
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mainly in adjacent main zones (Chaplin 1971). Such transitional moos, otherwise 
called ecotones tend to be homes lOr large numbers of SJXlcies that have adapted to 
living together. Although optimum habitats may be modified by micro-climatic 
changes, adaptation of the fuunas to a variety of micro-vegetation zones enables tht-m 
to sunivc in the event of climatic changes (Chaplin 1971). Delcourt and Delcourt 
(1991) have, however, asserted that the extent of stability in transitional zones 
depends on the magnitude and frequency of the disturbances, and the effect of the 
disturbances upon the ecotone can be measured by species turnover in the ecotone. It 
is. therefure, reasonable to conclude that although environmental changes may cause 
fluduatioI15 in species diversity, which may in tum influence factors such as 
predation, faWlas do adapt to a variety of ecological requirements and this may enable 
them to become resilient to certain environmental changes (Krebs 1978; Delcourt and 
De1court 1991). Similarly, even though the regulation of the species pool in any 
pmiicular community may be influenced by !xJth biotic and abiotic !actors, individual 
species react differently to a variety of environmental factors such as climatic 
fluctuation.~, since ecological requiremerIs may vary from one species to another 
(Krebs 1978; Coe 1980; Bonnichsen 1989b). 
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CHAPTER THREE 
The agency of micromammalian faunal accumulations 
3.1 Introduction 
Origins of micromanunalian faunal accumuiatiollS may principally be explained through 
the scatological and fluvial hypotheses. The scatological hypothesis holds that 
accumulations of micromarnmalian remains result from the deposition of pellets and 
scats by avian and mammaliau predators respectively. The fluvial hypothesis states that 
hydraulic transport plays a significant role in the dispersal and ultimate deposition of 
rnicromammalian remains (Mellel 1974: Korth 1979; Andrews 1990a). It may, oowcver, 
be noted that besides these two processes. there is a wide range of oth:r natural rreans 
through which micromammalian falUla may accumulate (e.g. Andrews 1990a). This 
chapter will discuss the predator-induced mechanisms through which micromammalian 
remains accumulate, as well as other natural processes that may contribute towards the 
accumulation of micro mammalian faunal remains. 
3.2 Predators as accumulators of small mammal remains 
A substantial amollllt of literarnre and research has implicated predation as the main 
cause of rnicromammalian faunal accumulations (e.g. Mellet 1974; Behrensmeyer and 
Dechant Bow 1980; Avery 1982; Andrews and Evans 1983; Andrews 1990a; 
Fernande/-Jalvo and Andrews 1992; Matthews 1999). In acknowledging the role of 
predation in the accumulation of oot only micromammalian falll1as bill also some 
reptilian and avian species, Mellet (1974: 349) has argued that most or all 
microvertebrate fiumal accumulations would have pa~sed through the digestive tracts of 
carnivores. Following their conswuption by predators, the indigestible remains of small 
maIlInais may be deposited in the pellets of avian predators or in the scats of small 
carnivorous manunals (Andrews and Evans 1983; Andrews 1990a). lbe behavioural 
patterns of the predators detennine to a large extent the sites on which micromammalian 
remains will be acewuulated. In southern Africa, barn owls, which are presum::d to be 
It);! main accumulators of small mammal remaios (e.g. Avery 1982, 1992; Avery 1'1 (11. 
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1990), are relatively catholic in their habitat requirements. These owls may roost or nest 
in many sites. including fissures 'with crevices, caves and rocky outcrops in relatively 
open country (S\eyn 1982, 1984; Kemp and Calburn 1987). According to Taylor (1994), 
barn 0"'1 pellets may accumulate in the nesting places when the bird is breeding and at 
roost sites during other times of the year. Andrews (1990a) has reported that regurgitated 
penets may also accumulate at tk entrances of caves. In Kenya. the Cape or 
Mackinder's eagle owl (Bubo capensis mackinderi) has been reported to nest on tree 
stumps (Steyn 1982). Both owls may use the same nesting site for long period, resulting 
in large accumulation ofbtliles of their prey (Steyn 1982, 1984). 
Most small carnivorous mammals predominantly prey on small mannnal SPOC1eS (e.g. 
Skinner and Smithers 1990) and studies have shown that small carnivorous mammals 
may accumulate micromammalian bones in their scats (e.g. Andrews and Evans 1983). 
Deposition of scats by small carnivorous mammals will greatly be influenced by the 
behavioural patterns of the predator. The white,tailed mongoo se: and the genet are, Jor 
instance, known to habitually use certain areas as latrines, accumulating large 
assemblages of scats (Andrews and Evans 1983). Small carnivorous mammals may also 
accumulate scats at the entrances to their dens (Andrews and Evans 1983). behaviour 
that has also been recorded among large carnivorous marmlals such as hyenas (e.g. 
Behrensmeyer 1993). 
The important role that predator behaviour plays in determining fawml accumulations 
cannot be over-emphasised. The effect of behavioural traits on the accumulation of 
micromanunalian fauna has further been demonstrated through the tendency of some 
predators to cache fuod. Village (1990) has reported that some diwnal raptors such as the 
European kestrels and falcons choose when to eat and also cache food for later use:. 
Kestrel caches, which may be stacked in crevices, tend to comprise both 
micromarrunalian and avian faunal remains (Village 1990). Among the nocturnal birds 
of prey, the marsh owls are also known to cache their prey, especially if the prey is in 
abundance (Steyn 1982; Kemp and Calbtun 1987). Similar caching of food for later usc: 
has been recorded in some small carnivorous mammals. Observations on Ethiopian 
wolves (Canis simensi.l) have revealed that these canids sometimes cache their prey in 
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the vicinity ofthcir dens. Thi~ tMey do by digging a hole and lM~n covering the prey with 
soil or vegetation (Sillero-/.uhiri and (Jollelli I SlSIS). I r cacM~s Me l1<)t rdn.:,ved, skektal 
remains of the prey species may accumulate (c.g. Andrews and F.van~ 1983). Recau~ 
predator roostingili\ing siic~ have ~ignificanl innu~nce on the accumulation and 
preservation of microll1ammalian rell1a1ll8. Tah"" 3.2.1 Wll1n1an~e8 diikr~lll places 
where prcdator~ roost/liw. 
T abl., 3.2.1: f'J"cd.tors and lhci c I'cderced c,~"tiIlK i li~inK place, (cumpil<d t"n,m Appendix 2). 
------------ ---
Spe<:ies 
0 .. , 
Barn owl 
Grass owl 
M.rsh owl 
Spotted eagl~ owl 
Afrit.n wood owl 
Cape eagle owl 
Giant eagle owl 
Diurnal hirds of prey 
Black .. houldeNd kite 
The black eagle 
SteF>Pe buzzocd 
Lesser kestrel 
Carnivorous mammals 
Bat-eared fox 
Black-backed jackal 
Cap .. fox 
African wild cot 
Cacacal 
Small spotted cat 
Honey badge, 
Strif"ld ""Iecat 
Cape clawless ottoc 
Small spotted gcn~t 
Large-spotted genet 
Suricate 
Small grey mongoose 
YeHow mongoose 
preferred roosting/living sites 
moots , . CiI~'''' ()<' e<."""' " ,,_ ""'''''''''. rocky""",,,, 'e .g. c'_ 1 
rooot~'-"- ~,jf'Oiy "n tho 9f(O". tnIiOy " Oil'" t c( ""''' gr",._ 
""",. " .,.,<l> 01 ,"ok 9""" cI"",,, rJ _ . po.k..,. rJ ~e"" 
roool> ., roc.y 1edge5, ", Ido "'.. il<> '""" .., I • . V" lree:; < "''''''' 
~ "" ""~Iy ,,' f",. ,t. 
f.-..our> rocky ~.,'fi",-"" ,,,,, W<XtJ0<! g"IIe)'ll, "'xf "." .. 'lX1 ~'" ", .. " 
,,,,,,t5.1_ i, • ...-M,,<JC""" (·~i .... :l >11>0 i, ,'-r .• tree> 
roost> P".'~ J1 ,-,,: ""y >I," ,,,,,,I J1 1,,,", : oor'.,,,,"," ·ooo.ti", , .. '" r""" 
.,-efer. roo,y '" P>:>J"It:>II'lO.11I .,.,,, """,..-t> 
f_ r .• "" "l,iclll"", octi~t"'" "d .. ....-- r."; '>.) 
,oo,ts common~ J1 ;ye,)S rllabit<d t.,. ~um .ns, •. ,. ,torn. <:t <vco/ypi> 
.o,r> i, e"w..,. lXxf"""ot~ ~>II"'". or i'" " lhe opeo : [lef",. l<> n.", ... ,'" pI.lo= 
. ~elle ·, J1 ~ J1 the ~r<:<rJOj. ,xk cre..-icell . lXxf ... ~"ion eNe', ""'''''' r '"" cI bou_. 
pr~le" .""'" W</ef due", t~e 00.,- (e.~. ~ in I"" 700.'" "" ,1m. cI !O'''' 
r,," LI <e. m'", ",.".. e.g. u"""'boJ,~, roc.) hI~_ , "".,., ',,',0: mw",' "'" lIw.1I~ burO>:l 0< 
~t<d "' lot,," .• '"'" 
p,oto<> ru" ,,,,, roc.y ... ." .., 'V'" oountry .00 ~ "e<:<Iej ,_"nil 
Vof", • • ""'" C>'.QI", e.~. vegoI",,,," ond t,.-,,,,,,,,: , 1' 0 :~ .... , ~"""" tor"". m",,·d. 
",.yu.e ,,'" " ..,.;co. to .11<:1<>": ' " ~~, , 00 moyd,. ~_ i., which ,0 "'" 
.hot"" i., tc<''''''' lXxf ... :oo.e ond .on .. r>dyi,ocky ."<,,,,10 " TlI"".l" ""I"t .. i,,", p-iIeII of ,\ones 
_ r:<d"'Tu"t~ " ', ,,,,~ "xf ,na-," ,,"''''' tWI'f ","0 "" '""",,, f"'''9''g on ~'Y """,,,,m,,,--IO e.g 
'NOC.ded ",.~ " ... 10."" """""'"""'-"l <l<poiil' d:<>rrrq, ,1 Io.t<'", " .. 
_ h>bi:>II I~: ~ xClll" ., """" "'xf .,OJ. _xf. ,;_ •. ~ & g,,,,.lIwld .... bit,. • .,xf "0.0 
• . POC"'" cI ,xky ",",c,op< "" "I'C" ""''''': drqop«-", "'~ 00"""00 " ' ''' 'i re "'" 
poto<> ............ ".,-<d ~olJit.t: • . reI.ti"'~ _ .. _>1100 O<>.ef: ~ropri'>.)' d"f'",,\ed '" I",...., .Ie> 
d9'" """, bur",,", w",,",_ ,,""'on . ). and aloo """" bow",. ~g t.,. "I~r """I """""'_ 
~"'" d1' ,oc'Y 9'''"''<1 who,. , ' ~_", ~.g. jrxf<' _"''''' 00_, " bur,,,,,,,, 
...... or. i, 0"",".....-..1 b ... ,,,,,o; >cal> gel d. p""\ed " latr.".. no..- the '""~ '0 tho bu"""" 
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!t has further been reported that predator species may live communally in areas such aI; 
caves (e.g. Southern 1954). The black-shouldered kites (Elanus t:aeruleus), for instance, 
regularly roost colllIlllilllllly throughout the year (Steyn 1982). Because of communal 
roosting by some predator species, faunal assemblages representing a wide range of prey 
species may accumulate. leading to a phenomenon referred to as "predation mixture'· 
(Denys el af. 1997b; 58). Andrews and Evans (1983) have noted that comml.lffill roosting 
may lead to pellet or seat clusters containing high numbers of micromammalian 
individuals and species. Interpretations of faunal accumulations resulting from 
eoIllllI.llla.l roosting may, however, lead to erroneous conclusions especially in situations 
where avian predator species with different behavioural traits were roosting togetkr (D. 
M. Avery, pers. corum. , 2001). 
It is realistic to suppose that owing to the wide range of sites on which pellets or seats 
may be deposited, the nllcromammalian faunas that arc preserved and become available 
later to the seholar may only be a small percentage of what was initially deposited. This 
is because, as it will beconr;: evident in Chapter Four, taphonomic processes influence 
micromammalian faunas differently, and this may depend on factors such as the 
chemical composition ofthc area of deposition (e.g. Andrews 199Oa). 
3.3 Tbe role of scavenging in tbe accumulation of small mammal 
remams 
\lihcrcas the accumulation of large manunalian bones by large carnivorous marrwnals 
and by large rodent species such as the porcupines has been well studied (e.g. Brain 
1981; Marshall 1989; Kkin and Cruz-Uribe 1991; Behretl.'>ln:yer 1993), there is poor 
understanding of the role that scavenging plays in the accumulation of microlllllIlnllllian 
remains. Shipman and Walker (1980) have, howe".er, shown that accumulation of 
nllerornaImIalian f<luna is not limited to mammalian and avian predators alone. They 
have documented harvester ants (Mes.wr harharus) accumulating small mammal 
remairui in a single ant hill in a farm in Athi Plains, near Nairobi, Kenya. Investigations 
of this rare phemmcnon suggested that there would have been high populations of both 
the harvester ants and the rodents in the Athi Plains, following heavy rains in the area. 
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An increase in rodent carcasses would have allowed the harvester ants to augment their 
seed and grain diet by scavenging on the bits of flesh on tl~ small mammal bones, 
According to Shipman and Walker (1980), the ant hill yiekled 1167 bones and teeth 
belonging to diverse species that included the pygmy mouse (MIlS minutoides) and the 
striped f~ld mouse (Rhabdomys pumilio). 
3.4 The role of natural deaths 
Small manunaI remains are also known to accumulate in natural pitfalls after tiE animals 
get trapped an:! die in the pitfalls (Chaplin 1971; Andrews 1990a). Although tiEre is 
poor doc\llllentation. shafts and fissures have been reported as natural death traps for 
both small and large marrrnals (e,g. Chaplin 1971). According to Andrews (l990a), 
factors such as age and visual acuity affect the likelihood that animals ill fall into such 
traps with species such as some shrews, which have poor eyesight being more likely to 
full in pitfalls. The fact that some species are more vulnerable to natural pitralls than 
others may imply that the assemblages accumulated in this way will tend to yiekl 
relatively low species diversity (Andrews 1990a), In view of this, the low frequency of 
micromammalian fauna from tiE othernise thick level TDS at Gran Dolina, Atapuerca, 
Spain. led Fernandez-Jalvo and AOOrews (1992) to suggest thal these accumulations 
would have been remains of incidental small maJm"J3.l deaths. 
Catastrophic mortality may also cause the accumu1ation of small mammal remains. This 
pheT\()~non, relerred by Chaplin (1971: 153) as death in situ, may occur in a number of 
ways such as burrowing rodents being trapped and killed in their burrows by floods (e.g. 
Andrews 199Oa). Such synchronic and passive accumulations may also result from 
factors such as hibernation or aestivation deaths as well as animals dying as a result of 
starvation (Andrews and Evans 1983; Andrews 199Oa; L)"TIlan 1994). Although such 
occurrences may be rare in the fOssil record (Andrews 199Oa), "catastrophocenosis 
assemblages" (Denys d al. 1997b: 63) accumulated during such short periods usuall) 
represent single events. The time and the faunas swnpled, therefure, may yield distorted 
information about the palaeoecosystems from which the assemblages were drawn (Vrba 
1980; AJl<il"i;:wS 1990a; Denys d al. 1997b). In fact, Andrews and Evans (1983) have 
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noted that catastrophic asseJdJlages such as those associated with ae:,tivation may 
comprise a single species only and, because of that, such assemblages provide minimal 
inform.ation about the communities from which they were derived. Conversely, Western 
(1980), v.ho has studied large IllilImlills, has argued that, as long as the pocnonrnon was 
""idespread and iru.tantaoeous, catastrophic asseidJlages tend to represca a true mirror 
of the living cOlIllllunity from which they were draVffi. It is also important to note that 
catastrophic accumulations such as those associated ""jth aestivation or hibernation 
usually yield assemblages with minimal IOOdifieatiollS. Such assemblages often tend to 
yield faunal assemblages ""jth all skeletal parts rela1ively well represented (Andrews 
1990a). 
3.5 Transport as an agent of accumulation of small mammal remains 
Agents of transport such as water playa significant role in determining toc final resting 
place of faunal remains (e.g. Hanson 1980: Andrews 1990a; Denys et at. 1997b). 
Although it is difficult to determioc the effi:ct of transport on the :6nal resting place of 
....-nan mammal remains largely hceau,::c oftheir small size (Andrews 1990a). it is worth 
noting that this taphooomic process may significantly detennine the kind of faunal 
assemblages that accumulate in particular areas. As WollT (1975) has indicated, runoff 
water disperses bones and teeth of small animals much more easily than those belonging 
to large animals. Vr'hile referring to large marmnals, Behrensmeyer (1975) has also 
elucidated how, depending on factors such as their shape and density. different bones 
lium different origins may be differemially transported and deposited in a particular 
sedimerIary deposit. Similarly, Korth (1979), who expcrill1Cnted with the effect of water 
transport on micromammalian remains, has argued that som;: skeletal elemeas, because 
of their shape and density, may be sorted, resulting in their absence in particular taunal 
assemblages. It is theretore feasible that differential sorting and deposition of skeletal 
elem;:nts, including those belonging to micromammals, may resuh in the accumulation 
of biaocd faunal asocmblages. This, according to Korth (1979), may explain the ocard!y 
of SOtre skeletal elem::n\s in some tatmal sites. This is because, assuming that faunal 
remains had been hydraulically transported, the sizes of faunal remains found in any 
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particular environmental context will always tend to be hydraulically equivaletlt to the 
sediments of the deposit (Behrensmeyer 1975; Korth 1979). Following Korth (1979), 
Table 3.5.1 gives IlK: settling velocities of micromammalian remains belonging to three 
species, a shrew (Sorer sp.). a mouse (Peromyscus sp.) and a squirrel (SciurlLI sp.). 
Table 3.5.1 shows that skeletal elements are differentially dispersed and this may vary 
within and bet""een species. 
Tabl. 3.5.1: Experimentally determined ~tlliDg group' of.olM 
.mall mammll .. "",jll' (Afre. Korth 1979, Tabl~ 3). 
Genus I (low) 1111 
" 
111111 III (high) 
S&& 
atlas calcaneum molar (M,,) mandible 
astragalus skull 
"m~ 
Peromyscus ,. metatarsal maJ<illa+ molaf!; tibia"frbula 
scapula lumbar vert. calcaneum miVdlla-
phalanx atlas astragalus incisors 
radius skull mandibl€ 
ulna humerus 
pel";s femur 
Sciurus 
skull astragalus tibia 
atlas calcanel.lfTl mandible 
scapula 
molar (M') 
femur 
Denys et al. (1997b) have shed further light on the nature 01" l"lUnal assemblages thai 
may accunrulate subsequent to tran5port. They have reported that transport into a channel 
may form a faunal assemblage 'with relatively high species diversity, representing a 
relatively high ecological heterogeneity. This is because through transport, faunas from a 
wide range of habitats may be deposited together. If such an uccwllulalion takes place 
over a long period. this results in a phenomenon known as "taphonomic time-averaging" 
(BehrellSl"OOyer 1993: 402). Such diachronic assemblages may be associated with active 
large-scale phenomena such as fluvial transport (Lyman J 994). Time-averaged 
occurrences, however, tend to yield faunal assemblages whose origins are difficult to 
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delcnninc (Andrews lWOa; J)cnys et aL 1997a). As Andrews (l990a) has pointed out, 
ecological irIerpretatiolL'l from such fimnal assemblages can be achieved through 
taphonomic and microstratigraphie analyses of the faunas. Similarly. an understanding of 
the depositional and environmental contexts of the site may provide crucial leads that 
can help in understanding the origins and history of the fauna (e.g. Denys et al. 1997a). 
The importance of understanding the depositional contexts has been demonstrated by 
Femandez-lalvo's (1995) investigatiolL'l of the micromammalian fauna from La 
Trinchera de Atapucrca, in Spain. An understanding of the scdlln:ntologf;:al context of 
La Trinchera de Atapuerea Ix:lpcd in the interpretation of the micromammalian fauna, 
enabling aspects such as tlx: em1rol1!llent at the time of deposition to be discerned 
(Fernande.-:-Jalvo 1995). It is therefore important to stress that while investigating the 
mode of faunal accumulations and th: subsequcnt processes that may have affected the 
assemblages, understanding the depositional and/or geological contexts is a prerequisite. 
if a true image of the past is to be realized (Oliver 1989). 
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CHAPTER FOUR 
Taphonomic processes affecting small mammal 
remams 
4.1 Introduction 
The faunal samples that reach the analyst are relics of many taphonomic processes. 
These processes may alter aspects of the fauna such as their shape and chemical 
composition, leaving faunal remains that essentially differ from their original IDrm. 
The tapmnomic processes start at the time of death and consumption of small 
manunaIs and continue after th: indigestible skeletal remains have been deposited in 
the pellets of avian predators or in the scats of small carnivorous mammals. Prior to 
their burial microlllllImllilian remains, like their large mammalian counterparts, may 
be modified by a wide range of taphonomic pwcesses which may ad either dependent 
on or independent of each other. Follov.ing burial, further lIDdificalions lake place, 
and this may continue until the fauna are recovered by the excavator. Depending on 
the recovery metoods employed, the bones may further be modified during this 
process (Behrensmeyer 1975; Korth 1979; Behrensmcyer et al. 1989; Oliver 1989; 
Andre",~ 1990a, 1990b; Fernandez-Jalvo 1995). This chapter will highlight the 
taphonomic processes that affect small mammal remains prior to and after burial. 
4.2 Pre-burial processes 
The term pre-burial in this discll<;sion refers to the taphonomic processes and 
modifications that occur prior to the mineralization of faunal remains (Behrensmeyer 
et al. 1989). lbese initial tapoooomic processes playa crucial role in the life offaunal 
assemblages and may significantly influence later taphonomic processes (e.g. Denys 
et al. 1997a). 
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4.2.1 Modifications caun-d b)' predators 
Irrvcstigatio!1'l of micromrunmalian fauna encased in modem pellets regurgitated by 
avian predators (e.g. Dodson and Wexlar 1979; Andrews 1990a; Avery 1992), as well 
as modem seats deposited by ~l camivorou~ mammals (e.g. Mellet 1974; Andrews 
and Evans 1983), have yielded crucial information about the modificalions inflicted 
by predators to tile bones of treir prey. Trese in,-estigations have suggcsted that 
predators modiry the bones of their prey differently, and this may depend on faelors 
such as tre digestive processes oftre predators (Dodson and Wexlar 1979; Andrews 
1990a). 
Modifications to ~mall mammal bone~ may start at the time of dealh (Andre"'~ 1995). 
It has been reported (Dodson and Wexlar 1979; Andrews 1990a) that a common way 
of killing prey is dtrer by making tre neck or piercing the back of the skull. 
Obscrvatio!1'l made by Dodson and Wexlar (1979) have revealed that the bam owl 
holds its prey in its talons, puncturing and damaging the aanium of the prey. after 
which the prey is swallowed whole. Diurnal mplor~ including buzzards, iliJcons and 
keslrels, whose modificatio!1'l to llle boocs of treir prey arc rdathdy high, usually 
kill their prey by treir sharp taJo!1'l, tearing it apart. While feeding, the ke."trel~ hold 
lheir prey ,,~th their feet, picking fksh off the prey with their beaks. and each small 
bite causes damage to the bone~ of the prey (Dodson and Wexlar \979; Andre"'~ 
1990a; Village 1990). 
Depending on the predator and its feeding patlerns, rurlher modifications may ensue 
after predators have consumed treir prey. This may include digestion. breakage and 
loss of skclctal ekments of the prey_ Nocturnal ov.1s, for example, arc generally 
known to 8wa11ow their prey whole. Once the prey has been swallowed, the digestive 
proces~s separate the nutritious components, leaving the indigestible components 
that include the bones, feuth:rs and fur. Wilh litlle dismemberment, toc indigestible 
remains are collected at the bottom of the stomach where they are compacted into 
pclkts and later regurgitated (e.g. Kemp and Calburn 1987; Andrews 1990a)_ Tile 
gastric juice in the stomach causes differential corrosion on lre undigested skeletal 
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remains. The amount of corrosion depends largely on the stomach acidity, as weli as 
the roorphobgy of individual skeletal elements (AndrewsI99Oa; Femandez-Jalvo and 
Andrews 1992). Studies have shown that among the owls, the pH of the bam owl's 
stomach is higher and lherefure less acidic than that of many other avian predators. 
Because of the high pH in the barn owl's stomach most of the regurgitated bones 
belonging to the owl's prey species are fairly undigested (Dodson and Wex1ar 1979; 
Andrews 199Oa). 
Depending on the relative size of the prey and predator, differential IOOdificatkms 
may occur on prey bones (e.g. Andrews 1990a; Matthews 1999). Investigations of 
peliets regurgitated by the great mmed owl (Bubo virginianus) have revealed that 
bones belonging to larger prey are more broken than those of smaller ones (Korth 
1979). Similarly, Dodson and Wexlar (1979) have noted that young owls tend to 
digest and therefore modiry the lxmes of their prey much IOOre than mature ones. This 
has been attributed to the need of the young owls to replenish their skeletons with 
salts in the bones of their prey (Dodson and Wcxlar 1979). Overall, as can be seen in 
Table 4.2.1, barn owL~ generaliy cause minimal breakage to the bones of their prey 
(e.g. Dodson and Weldar 1979; Andrev.'s 1990a; Matthews 1999). 
Modil1catlons of prey lxmes by small carnivorous mammals may differ from that of 
avian predators in that the brmer have teeth that they use to kill and coImlinute their 
prey (Andrews and Evans 1983). These predators habitually break and chew their 
prey and digestion starts in the stomach and continues into the intestines (Andrev .. s 
1990a). The prey of smaU carnivorous mammals are therebre subjected to much 
more digestion than those of avian predators. The effect of this th:lrough digestkm 
causes distinctive damage to the bo~s, such as rounding of exposed edges of bones 
or the articular ends of limb bones, pun;ture rnurks and etchiog of tooth enamel as a 
result of acid corrosion (Andrews and hans 1983; Andrews 1990a, 199Ob; 
Femandez-Jalvo and Andrews 1992). 
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Table ~.I.I: P~ato. b •• ak~~ <ateg"ri~. from IuS! (I) 10 [V<'ale,t (5), (Aft ... Andnws Ima, 
Table 3.16 and M~tth.ws 1998, T~bl. 1.2). 
, tootll. J_ 
" -
tooth 10 .. 
, 
, , 
ART. 
t~.th 
, -
el1lDial 
Key: IlO ~ Born <>wl. LE r looj,:·e""od owl, SO - SOO'>\')" owL SE - soon·o""e" owl, GEO - Oi ... cagle owl. 
SEO - Spotted cagle "".j. E£O - EUIq>=I oaglo owl, GGO - great grey owl, m - Tow,,)' owl. UT - Li"i< owl. 
COY - Co)o<c, BAT - flot",ared Jb>:. PTNE - Pi .... Marten. H - Hen hartier. ART - Arli< lUx. MONO -
M~. C,pN - Genet, U:S' KeSl ... I. ~I':I) !led fox. MA\1 l4Munolian owni",,"", 
In some small carnivorous mammals such as the fe1ids and more particularly the 
serval (Felis serval), bone modification aOO destruction through digestion is so severe 
that only the teeth are fairly weil represented in scats. Very often. the bones are 
completely digested and only appear as a powdery admixture bound together with the 
hair of the rodeIIs that had been cOIlSunJ:d (Skinner and Smithers 1990). Among the 
vivemds. the white-tailed mongoose (lchneumia albicauda) has ]x,en reported to 
cause severe breakage to the bon:s of its prey, yielding assemblages predominantly 
represented by the most resistant skeletal eJem.,nts such as the distal humeri. 
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ROlmding of bones at their edges and boD! corrosion are relatively conunon in 
micromammalian assemblages accwmilated by the white-tailed mongoose (Andrews 
and Evans 1983). On the other hand, investigatioll'l of the small-spotted genet 
(Generta /{enerta) have revealed that not all small carnivorous mammals completely 
destroy the bones of their prey. The small-spotted genet preys on micromammalian 
species such as gerbils (To/era spp.) and multimammate mice (Mas/amy.1 spp.). It 
chops its prey into pieces that can easily he swallowed witmUl much mastication so 
that small mammal remains lOund in their scats can be identified (Skinner and 
Smithers 1990). The effect of COrmllnution am::l!lg small carnivorous manunals may 
depend upon the size of the prey relative to that of the predator. Andrews and Evans 
(1983) have, for instance, reported that the smaller mustelids do DOt COIl5UIDe prey 
that are larger than they are but prefer to consume prey with bones that they can easily 
comminute. 
Trampling by predators may cause further modifications to small mammal remains. 
Although Andrews (199Oa) has ackoowledged that there is little I.ln:ierstanding of the 
effect of natur.1l trampling on microIllilIIIllalian remains largely because of their small 
size. he has reported that owls such as the European eagle owls are koown to tr~le 
on the pellets in their nest sites, causing a substantial amomrt of destruction to the 
small mammal remains e!lCased therein. Fernan:lez-lalvo (1995) has alro noted that 
trampling may leave striations and puncture marks on the small mammal remains. As 
will become more evident when trampling by mn-predators is discussed later in this 
chapter, the effect of trampling on microvertebrate muna may be influenced by a 
range of mctoIS, including the hardness of the substrate on which the muna is resting 
(e.g. Mellet 1974). It is also conceivable that the effect of t=p!ing on 
micromanunaIian remains may also be influenced by mctol'S such as the size of the 
predator. BtXause of their weight, large prWat.ors are likely to cause more destruction 
to micromammalian bones than small sized predators. 
Modifications to micromarnmalian bones during and after consumption may therefore 
he iderrtified through diagoostic features such as breakage and digestion patterns, the 
presence of superficial tooth marks and rolmding or polishing of ends of bones 
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(Andrews and Evans 1983; Andrews 1990a; Fcmandcz-lalvo and Andrews 1992; 
Fcrnandcz-lalvo 1995; :Matthews 1999~ 
4.2.2 Modifications resuhing from non-predator actions 
Following the accumulation of small mammal remains by predators or other agents of 
accumulation, a wide range of environmental processes shape the faunal assemblages, 
resulting in ones that may diffur from the primary accumulations (Korth 1979; 
Bonnichsen 1989a; Andrews 1990a: Lyman 1994). The survivability of the bones 
may be determined by factors such as the chemical and physical properties of the 
bones, as well as the nature of the environment OIl which they have been discarded 
(Chaplin 1971). While acknowledging that different skeletal cierocrrts havc distinct 
durabilities in the face of physical environmental processes (e.g. Gifford-Gonzale:t 
198%). this section wil1 occasionally borrow from observatiollS made on 
macromammalian fauna. This will be done with the view to shedding more light on 
the taphonomic processes other than those associated with the primary predator that 
may shape the multiraceted micromammalian faunal assemblages. These processes, 
which may include tl"3lTfl1ing, weathering and transport may come into play before 
the faunal accumulations are de)Xlsited and buried in tlk:ir final resting place (e.g. 
Behrensru:yer 1975). 
Depending on the area of deposition, the most immediatc modification to mammalian 
faunas, including those belonging to micromammais, is decomposition. Although 
decom)Xlsition is often associated with the soft tissue, prolonged scavenging by 
insects tends to accelcratc the processes that cause modification to bones. This 
happens when insect actions result in the disarticulation of skeletal elements, leaving 
them more vulnerable to a range of sub-aerial processes such as weathering and 
trampling (e ,g. Bchrcnsmeyer 1975, 1978; Korth 1979; Andrews 1990a; Fernandez-
Jalvo 1995). The rate of deCOfl1Xlsition of bone is dependent upon the chemical and 
biological properties of the area where the carcase lies (Be/lrensmeyer 1975; Andrews 
199Oa). Korth (1979) has experimentally observed that as a result of insect action, 
small mammal remains in hot climates may disarticulate (if not already disarticulated 
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by the predator) and stan to decompose within a period of eight days. Behrensmeyer 
(1975), whose focus has been large maJml!I!s. has also stated that in humid 
envirollllk:nts, decay causes the dissolution of the organic material in the bone tissue, 
I-vhile in dry Cllvirollllk:nts. dehydration of the organic material may take place on 
fresh bones, resulting in cracking and splitting of the bones. Further ackno ..... ledging 
the importancc of understanding the effect of decomposition on fossil assemblages, 
Korth (1979) has noted that the eI'lect of decomposition on fuunal assemblages may 
influcllCC subsequcnt taphonomic processes that affect fuunal assemblages. 
Andrews (I990a) has reported further that scavenging by am-predator species may 
inflict damage on micrornammalian bones. Experimentation in whkh small mammal 
carcascs were deliberately protected from scavenging by diurnal raptors and small 
carnivorous mammals, revealed that scavenging by shrews calJsed extensive damage 
and gnawing to both cranial and post,cranial bones (Andrews 1990a). 
Another cause of modification to small mammal bones may be trampling by oon-
predator species. The effect of trampling on micromammalian faunal remains 
resulting from species other than the predators is, however, as lillC!ear as the effect or 
trampling by the predators themselves (e.g. Andre"'"S 1990a). This is largely because 
the small size and fragility of micromammalian remains make them vulnerable to 
destruction by a wide range of taphonomic processes (c.g. Western 1980; Andrews 
1990a). Hill (1980) has, however, argued that the size of an animal docs not always 
count. as remains of large animals such as the elephant may also be highly roodified. 
The effect oftrarnpling may, nevertheless, vary from one skeletal element to the other 
and this may be determined by factors such as the intrinsic properties of each skeletal 
element (e.g. Andrews 1990a, 1995). 
Andrews (l990a) has demonstrated that large mammals may cause differential 
damagc to small mammal remains encased in pellets, depending on ..... hether the 
pellets are wet or dry. Experimentally. Andrews (l990a) has shown that dry pellets 
trampled by large animals are more resistant to destruction than wet ones, with the 
form::r affording more protection to the small mammal remains inside them. The 
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extent of destruction to the pellets and consequently to the small mammal remains 
inside them, may also be influenced by the kind of substrate on which the pellets are 
resting. Those resting on soft substrates tead to be impelled into the substrate with 
little breakage (Andrews 199Oa). Andre .... -g· (l990a) experiments demoru;trated that 
cranial and post-cranial elements may differentially be destroyed by trampling. 
resulting in almost total absence of the skulls. 
The effect of trampling on macromammalian bones (e.g. Andrews and Cook 1985) 
compare relatively we ll with Andrews' (l990a) experimental observations on smal.l 
mammal bones. Andrews and Cook's (1985) studies revealed that on sandy or rocky 
substrates. the pressure exerted on bones by the feet of ungulates causes damage to 
macromammalian bones. Trampling on large bones may result in spiral fractures. 
pitting. scouring. rounding and polishing of the bones (e.g. Behrensmeyer et al. 1989; 
Oliver 1989). The effect of trampling on large bones may he identified through 
variations in the nUIIJbers of scratches and the way they are distributed on the bones as 
well as the prevalence of superimposed scratches that vary in their orientations 
(Behrensm:yer el al. 1989). Depeading on its intensity, the effect of tratrq"lling on 
large bones may depend upon the weathering stage of the bones. Behrensmeyer et al. 
(1989) have reported that relatively unweathered bones tend to show less modification 
as a result oftrarnpling. While referring to large mammal bones, Hill (1980) has notoo 
that unburied bones that are shielded, for instance. by vegetation are more likely to 
survive sub-aerial taphonomic processes. including trampling. It is reasonable to 
suppose that micromammalian remains protected by vegetatkJn may also become 
buried and therefore protected from sub-aerial taphonomic processes, including 
trampling (e.g. Andrews 1995). 
4.2.3 Meebankal modification 
Another taphonomic process that may modify micromammalian remains prior to their 
burial is weathering. Because of the shortage of lito:rature on the subject. Andrews 
(1990a) allempted to understand the effect ofweatheting on small mammal bones by 
experimenting on barn owl pellets. Barn owl pellets exposed to varying environmental 
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conditions were left for a period ranging 1T0m ten months to two years. It was found 
that the pellets that had been exposed \0 weathering on a dry ledge for two years had 
experienced some weathering, although they were largcly intact (Andrews 1990a). On 
the other hand. the pellets that were exposed to weathering in a damp environment 
had completely disintegrated after ten months. After further experimentation in which 
the bones derived from intact pellets were exposed to weathering for 18 months, it 
was observed that these hones had experienccd minimal weathering, ID.;luding 
chipping of \he molar enamel. Generally, a similar trend of slight splitting and 
chipping that was evident in the cranial parts Vias also observed in post-cranial 
elements such as the femur and the tibia (Andrews 1990a). It is therefore important to 
point out that the effect of weathering on microlllllIml3.!ian boncs may depend on the 
time of exposure of the bones to the environmental factors that cause weathering and 
bones that had prev10usly been subjected to some weathering may be more vulnerable 
than iTesh ones (Andrews 1995; Fcrnandcz-lalvo 1995). Table 4.2.3 summarizes the 
effect ofwcathcring on micromannnalian remains that had been artificially exposed in 
wet temperate climate. 
Tabl. 4.2.3: Weatbering Slag.' In small mammal bones artificially npo'od 
in "n temperate climate (Alter And .... s 1990a, Tabl. 1.3). 
Stage Small mammal bon .. artificially n ...... d Rang. hI y ... 
2 
no m(,Jificalion 0-2 
slight sphttlDlO of bon. porall . 1 to fibre Wll<.-iucC; 1·5 
chipring of teeth and , pli!!ing of dentinc 
more cd""si.e 'pli!!ing ,"-,t linle floking; chipping 
and splining ,,[teeth [coding to loss ofpa,ts of 
deep 'pli!!ing and ,,,",e I",," of deep .egmellts or 
'/lak. ,· b<.-""lw<:"" 'plits; extensive ,plining oftceth 
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Depending on the environmental properties of the area of primary deposition, sub-
aerial weathering may introduce changes in the chemical composition of faunal 
remains (e.g. Andrews 1995: Fernandcz-Jalvo 1995). Andrews (1995) has reported 
that in temperate environments weathering of small mammal bones may cause 
splitting and decalcification of the bones. Fernandcz-Jalvo (1995) has also observed 
calcite crystal infillings in micromammalian fuunal remains from La Trinchera de 
Atapuerea. The presence of calcite crystals in the bones suggested that they were 
either deposited during a wet period or were hydraulically transported (Fernandez-
Jalvo 1995). Cutler el al. (1999) have further shown that large animal bones fuund in 
the same occurrence may show variations in the degree of pre-burial weathering, This 
may be attributed to differences in the intrinsic properties of bo~ as IllOre compact 
skeletal elements such as the podial~ arc more resistant not only to sub-aerial 
weathering but also to other taphonomic processes (e.g. Behrensmcyer el at. 1989). It 
is important to point out that after deposition, small mammal bones cannot withstand 
long periods of exposure to sub-aerial processes without being completely destroyed 
and will therefore only be preserved if they have been covered by sediments (Korth 
1979). 
As nlli:romammaJiau remains may be dispersed through a wide range of agents, 
further modifications to the bones may occur. 'W'hen considering taphonomic 
processes such as hydraulk: transport, which may significantly influence among other 
Jactors, the final resting place of bones, it is reasonable to treat faunal remains as 
sedimentary particles that may be altered by a wide range of geological phenomena 
that affect other sedimentary particles (Behrensmeyer 1975; Korth 1979; Oliver 
1989). Although it is difficult to trace the effect of transport on small manunal 
remains due to their small size, Andrews (l990a, 1990b) has noted that transport of 
rnicrolliunal remains by agents such as water may cause damage to the bones. 
The disperwl potential of faunal remains, and its effect on skeletal elemens may 
depend upon a multiplicity of factors, including the physical properties of the 
ClNironmcnt in which the animal died. A skeleton lying in dense vegetation, for 
instance, is less likely to be dispersed than a skeleton lying on a flood plain. This is 
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because the vegetation may protect the bones from the extrem: hydraulic forces.. 
thereby helping to reduce the eftect of dispersal (BehreIl5illeyer 1975, 1993). 
Similarly, small mammalian bones transported in a low energy envrronmerI such as 
overbank waters are likely to be less dispersed and modified than those transported in 
fust moving and high energy channc:ls. High,energy channels tend to disperse bones 
more, causing relatively high destruction espc:cially to the less durable skeletal 
elemerIs (Graham [986). Observation~ in the Draycott cave system in the U.K. have 
revealed that small manunaI bones deposited in caves show both minimal dispersion 
and modifications (Andrews 1995). 
In un attempt to provide more insight into the hydraulic behaviour of 
micromammalian remains, and ultimately the modifications caused to microfauna! 
remains by water transport, Korth (1979) artificially simulated stream action on small 
mammal bones for 80 hours. He found that there was preferential nDdification of the 
bones, with the earliest modification of the skeleton being the disarticulation of the 
skull bones as well as the loss of teeth from the jaws. As a result of weathering, 
rounding of the cranial bones that had detached from the crania became prominent 
and signs of abrasion were evident on the coronoid processes of the jaws. Although 
breakage did oot occur on the major limb bones until advanced stages of the 
experiment, signs of erosion were eviderI. The relatively compact bones of the feet, 
however, showed 00 clear signs of modiHcation. The experimentation by Korth 
(1979) further revealed that it was difficult to follow the inllueJJCe of water transport 
when bones were being transported at the bottom of the artificially sinrulated stream. 
This was mainly because the bones became essentially invisible against the irregular 
bottom of the stream (Korth 1979: 262). Referring to large bones, Behrensmeyer 
(1975) has pointed out that bones transported as bed load tend to be more abraded and 
broken than those transported as suspended load. In general, lack of abrasion on bones 
may in1Jly that they had not been t=ported far from their primary site of deposition 
and that the fuunal occurrence may have remained undisturbed (Andrews 1990a). 
The level of bone modification resulting from transport may depend on the extent to 
which preceding taphonomic processes such as weathering, have modilic:d the bone 
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structurally, with bones that are structurally weak being JmfC prone to breakage. 
Weathered bones, for instance, having lost much of their organic material., become 
relatively weak and therelOre are easily abraded and destroyed dwing t:ran5JXlrt 
(Behrensmeyer 1975). In view of this, and \vith regard to small mammal remains, 
Denys e, al. (1997a) have pointed out that the examination of modifications caused by 
taphonomic processes not related to predation must take into consideration how much 
predation may have influenced the structure of the Jaunal remains, as the eldent of 
Iatcr tapoonomic modifications will be influenced by the effect predation has had on 
tl.: bones. Korth (1979) and Avery (1990) have also stressed the importance of 
identifYing the original source of faunal remains as predation leaves a fairly 
disarticulated skeleton, more vulnerable particularly to hydraulic transport. It is 
significant that bones derived from predators such as the bam owls, which cause little 
modification to the bones of their prey, tend to be structurally strong, and therefore 
less subject to modification by other taphonomic processes (Andrews 1990a). In 
addit;')n, Korth's (1979) experiments on the effect of hydraulic transport on 
microman:n:nalian faunas have revealed that bones belonging to different 
microman:n:nalian ~;peclCS may differentially be destroyed in hydraulic transport. 
Observations by Korth (1979) on bones belonging to a vole (Microtus sp.) and a 
mouse (l'eromyscus sp.), which had been artificially subjected to hydraulic transport, 
revealed that destruction was more rapid on the bones belonging to the forrocr than 
those of the latter species. It is therefore reasonable to conclude that during the pre-
burial stagcs, a range of taphonomic rnctors determine which bones, and ultimately 
which species, will be available for burial and subsequent fossilisation. 
4.3 Post-burial processes 
Following Behrensm:yer et al. (1989), post-burial processes in this discussion rerer to 
taphonomic processes and modifieations that occur during and aftcr fossilization. 
4.3.1 Modifications caused hy sediments 
Although fuunal remains are protected from the extreme etlec\ of sub-aerial 
taphonomic processes following their burial, further modifications resulting from 
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diagenetic processes may occur, altering th: chemica! and physical conditions of tIE 
fauna (e.g. Andrews 1990a). TIE sedim:ntological or depositional contexts on which 
bones are deposited, buried and minemlised (fossilised) playa significart role in the 
subsequent history of the bones. This is because difterent pedogenic environnrnts, 
depending on their chemical and physical properties modify bones differently (Klein 
and Crw-Uribe 1984; Oliver 1989; Andrews 1990a, 1995; Femandez-Jalvo and 
Andrews 1992; Fernandez-Jalvo 1995), It has been observed (e.g, Chaplin 1971; 
Behrensnryer 1975) that one of the immediate modifications to bone surfaces after 
burial results from organic decay. TIE effect of organic decay i.lpon bones may 
depend on a range of fuctors, including the chemical properties of the area of burial. 
Andrews (l990a) has reported that small mammal bones buried under wet pedogenic 
conditions lor a long ~ beconr soft and break relatively easily, yielding a very 
frab'lUented faunal assemblage, This phenomenon may occur in various environments, 
including closed environments si.lch as caves. Behrensmeyer (1975) has also noted 
that when bone is softened by underground """liter it becomes very weak and therefure 
breaks very easily. Andrews (l990a) has further reported that bones ruried in wet 
environments tend to accwnulate high levels of manganese staining, changing the 
cortical appearance of the bones. Such changes to the cortical appearance of bones 
have been observed on the micromammaIian fauna from Murnbwa, a Middle Stone 
Age site in Zambia (Andrews and Jenkins 2000). 
Upon burial, the original organic material in bones is replaced by rninemis such as 
calciwn carbonate, which not only change tIE structure of the bones but also IElp in 
their preservation or destruction. Modification may result from a range ofplrnomena, 
inc1i.1ding situations in which bones are caused to "explode by the outward growth of 
carbonate nodules", a phenomenon that has been observed at East Rudolf (now 
Turkana), in Kenya (Behrensmeyer 1975: 482). Another phenomenon, post-
depositional leaching, has been observed in South African sites. Together with slow 
sedim:rrtation, post-depositional leaching causes extreme fragmentation of bones 
(Klein and Cruz-Urihe 1984). 
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Depending on the sedlment type, buried bones may also break as a result of profile 
compaction (Behremmeyer 1975; Klein and Cruz-Uribe 1984). Because of the 
relatively minimal contraction of sand, bones buried in sandy sediments tend to show 
fairly little breakage. On the other hand, bones buried in day sediments, whose 
contraction and expansion is relatively high, tend 10 be distorted and are often crushed 
(Chaplin 1971; Behremmeyer 1975). 
Depending on the acidity or alkalinity level of the soils or sediments, a more 
advanced alteration of bones may result from chemical corrosion. Fernandez-Jalvo 
and Andrews (1992) have noted that in highly acidic soils, etching by the sedlments 
mIi:cts the tooth enamel and, in elo.lreme cases, may also infiltmte bones. High 
alkalinity causes etching that alters the bone and the dentine more than the enamel. 
Unlike the localised etching cau~ed by digestion, which tends to be more evident on 
the tips of incisors, sediments cause etching that affects all surfaces of the bones 
equally (Fcmandez-Jalvo and Andrews 1992; Femandez-Jal.-o 1995). 
4.3.2 Biotic-induced modification~ 
Further modifications 10 buried bones may result from biological processes such a~ 
roOi action (Fernandez-Jalvo and Andrews 1992; Femandez-Jalvo 1995). Plants have 
been reported to leave root marks on bones and, through their organic acids, they may 
also cause corrosion. "Jbe effect of root action may appear as channels that conform to 
the shape of the roots (Andrews 1990a; Femandez-Jalvo and Andrews 1992; 
Fernandez Jalvo 1995). Bone modifications resulting from root action have been 
observed among the mkromammalian muna from Gran Dolina, where organic acids 
from roots caused the erosion of bone surfaces and changed the cortical appearance of 
the bones (Femandez-Jalvo and Andrews 1992). 
Burrowing animals may also contribute towards the destruction of bones, as they 
churn sediments or soils, disrupting the bones and therefore leaving them weak and 
vulnerable to other diagenetic processes (Behren<aneyer 1975; Bchrcnsmeyer er al. 
1989). Fungal action and the activities of micro-organism'l such as bacteria may 
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roodify buried bones. These modifications may be localised in any part of the bones 
(Fernandez-Jalvo 1995). Andrews' (1995) observations on bones deliberately buried 
in the Overton Down Experimental Earthworks in the U.K. revealed that fimgal 
attack, together ",ith the action of other micro-organiqng rna} differentially modifY 
bones, leaving features such as small-scale grooves on bones. 
Pre- and po~t-burial processes may either act independent of the other or may work 
together to cawe !TM)difications to both unburied and buried bones. In view of this, 
understanding the microstratigraphy and sedim:ntological contexts in which fussils 
are round is very important. Knowledge of these geological conditions willirip in tIr 
interpretation of both pre- and post-depositional taphonomic processes to which tlr 
bones may have been subjected (Klein and Cruz-Uribe 1984; Oliver 1989; Andrews 
1990a; Denys e/ al. 1997a). As Oliver (J 989) has pointed out, however, one of tIr 
main obstacles encountered by taphJnomists is the discernment of taphonomic 
modiJkations fllisodated with geological and/or depositional processes. This may 
become more complicated when further !TM)difications to the bones are introduced 
during recovery processes (Oliver 1989). 
4.4 Modifications caused through the recovery methods 
Depending on the techniques employed in the recovery of faunal remains, further 
roodifications may ensue from this important stage in the history of fuunal remains. 
Oher (1989) has argued that retrieval procedures such as excavation may continue to 
destroy the very record that archaeologists and palaeontologists are trying to 
understand. Regardless of bow carefully tlr sampling procedures are conducted, 
sieving, which is the main recovery method fur small mammal remains, may cause 
not only de~truction but also loss of some skeletal elements (Andrews 1990a). Payne 
(1975) has also indicated that, although most fussil sites host a wide range of small 
mamma1 remains, many excavators do not ~Ul5pect their pre~nce. It is, therefure, 
reaoonable to suppose that in such sites, UIL'lusJlCcted breakage will take place, thereby 
skewing any micromammalian investigations conducted. In view of this, it cannot be 
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over-emphasised that JXlst-butial processes such as excavation and the associated 
collection procedures detennine to a large extent the kind of Ihunal samples that will 
l:e available to the analyst (Grayson 19~4; Reitz and Wing 1999). 
4.5 Differential destruction and preservation 
Having highlighted the taphonomic processes that influence micromanunalian 
remains. it remains to consider the effect of differential destruction and preservation 
on faunal assemblages. It is important to note that differential destruction and 
preservation of skeletal elements may be determined by factors such as the intensity 
of the tafllOilOmic processes (e.g. digestion) and the microstructure of the skeletal 
elements (Lasker 1976; Marshall 1989; Andre1h"\! 199Oa; Ave!)' 1990; Feman::lez-
Jalvo 1995). Denys er al. (1995) have, for instance, noted that the epiphysis of the 
distal humerus is better preserved than the proximal. This may be associated with the 
early fusion and development of the distal humerus in IIDst species (e.g. Reitz and 
Wing 1999). Analyses of remains from the Middle Stone Age Mumbwa Caves in 
Zambia have also confirmed that the distal humerus and the proximal feITH.lr tend to he 
well represented in micromammalian faunal assemblages (Andrews and Jenkins 
2(00). Modifications resulting from diagenetic processes may, however, have lllOre 
severe effect on skeletal elements belonging to mature individuals than to bones 
l:elonging to inunarure individuals. Andrews' (1995) observations on metapodials 
experim;mtally buried at Overton revealed that bone degradation was more irrteIL'le on 
bones belonging to the mature individual than it was on those of the inunarure OIle. 
Andrews (J 995) attributed this phenomenon to the JXlssibility that the mature and 
more mineralised bones would have been more prone to acid attack than the itnm(lture 
ones. 
Studies on predation by Andrews (1990a) have also shown that skeletal elements 
belonging to different micromammalian prey species are modified differerrtly. Among 
tll:: insectivores (particularly the shrews) and the roderrts, the mandibles of the lormer 
rarely break at the inferior border, as they lack the thin alveolar bone that is associated 
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with rodent incisors (Andrev.'S 199Oa). In VEW of the effect of differential destruction 
and preservation in fuunal assemblages. I may be concluded that species whose 
elerrrnis are IDJre durable, and therefore IDJre often preserved. will stand a better 
chance of bemg encoWltered and/or recovered and that a fuunal sample may represent 
only a small measure of the total species that ""'ere actually present (Foote 1992). 
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CHAPTER FIVE 
The relationship between tapbonomic and ecological 
analyses in the interpretation of micro mammalian 
faunal assemblages 
5.1 Iutroduction 
As taphonomic and palaeoecological issues arc fundamental to any interpretation of 
micromammalian :fuunal saII"fIlcs, it is necessary to consider the relationship between 
them. It is also essential to examine the effi:ct of this relationship on the patterns 
observed in faunal assemblages, if these patterns are to 00 used in the reconstruction 
of ancient environments. TIlls is largely because, as sUIIIUarized in Figure 5.1,1, the 
patterns apparcrrt in micromammalian faunal assemblages result from a wide range of 
taphonomic factors, including breakage and .kiss of skektal elem:nts during the 
recovery/sampling procedures, as well as earlier modifications introduced on hones 
by both tlr predator and diagenetic processes. Moreover, ecokJgical fuctors such as 
the behaviour of predators to select certain Pl"ey speocies would also have had 
influence on the patterns evident in micromammalian faunal assemblages (e.g. Krebs 
1978; Klein and Cruz-Uribe 1984; Andrews 1990a). In reconstructing ancient 
envirorunems, atte~s soould therefure be made to identify and unravel the 
taphonomic and ecokJgical factors that would have influenced the patt:cmB evident in 
faunal assemblages. Tb:: arrows in Figure 5.1.1 delineate the process that the fuunal 
analyst should fulkJw in too atteJ1lll to reconstruct past enviroIUJrnts. 
It is important to point out that the influence that the collector/analyst may have on 
patterns evident in funnal assemblages may be fully or partially controllable. Comrol 
may be exercised, fur instance, through the decisions made during the 
recoveryisarr()1ing and !llliIlysis processes. On the otrer hand, th:: analyst would have 
no control over th:: ef'fcct of tapoonomic processes that have no direct association 
with recovery and other associated procedures. This may include JIDdifications (e.g. 
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breakage) that have resulted from envirollJllt)rrtal processes snch as transport and those 
caused by the predator. Similarly, patterns in faunal assemblages (e_g. species 
diversity) that wouki have resulted from ecologicallhctors such as predator behaviour 
cannlll be controlled. 
I'igu.o ~.l_l: Faoror, llIat iDfluonoo pattorns ill micmm.ammalian f.ounal a""omblag.' 
In view of the many obstacles that an analyst is likely to face in the attempt to 
lmderstand ancient environments (e.g. Figure 5.1.1), Ow.'Cr (19R9) has stressed the 
need lor taphonomic issues to be sorted out prior to any ecological interpretatiol1'l of 
faunal assemblages. In his attempts to demonstrate the importance of 
micromammalian and macrommnrnalian faunal assemblages in palaeoecological 
interpretatioll5, Shotwell (i 955) also emphasizes the importance of understanding the 
effect oftaphonomie processes on faunal assemblages. According to Shotwell (1955), 
skeletal elements that are relati\'Cly complete suggest that the fauna was deposited in 
proximity to the habitat oftbe once living animal and, beeall.w of this, the bones had 
been subjected to minimal taphonomic processes. On the other hand, very fragmented 
faunas suggest that irrterue taphonomic processes such as stream action influenced the 
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fauna and this may have resulted in the deposition of such faunas in sites some 
distance from the habitat in which the once living individual died or lived (Shotwell 
1955). 
While appreciating the importance of taphonomic analyses in the reconstruction of 
palaeoenvironments, Avery (2002) has argued that taking account of mechanical 
taphonomy (e.g. breakage and acid-etching) alone will not lead to accurate 
palaeoecological information; taphonomy must be combined with ecological analyses 
to increase the likelihood of achieving realistic palaeoecological interpretations. 
Similarly, Andrews (1995) has underscored the importance of understanding the 
interrelationships between taphonomy and palaeoecology, as past variables, including 
climate and vegetation will have contnbuted to past taphonomic processes and hence 
to the palaeoecology. It may, however, be noted that because of the changing nature 
of environmental parameters, the effect of taphonomic and ecological processes on 
the faunal record has changed through time (e.g. Krebs 1978; Gifford-Gonzalez 
1989a). 
S.2 The changing nature of taphonomic and ecological processes 
The actualistic approach employed to understand palaeoecosystems has shed light on 
the different ecological processes that may have influenced biological communities 
over the passage of time (e.g. Behrensmeyer 1975, 1993; Andrews 1990a; Avery 
1992; Wesselman 1995). Actualistic studies have also provided clues to the 
taphonomic processes that may have influenced factors such as deposition and 
breakage offaunal remains (e.g. Gifford-Gonzalez 1989b; Andrews 1990a). 
In spite of the regular use of modem taphonomic and ecological analogues in 
inferring ancient biological communities and their associated physical environmental 
parameters, the assumption of uniformitarianism has been questioned (e.g. Van 
Couvering 1980; Gifford-Gonzalez 1989a). The idea that communities and their 
constituent species as well as environmental parameters have remained constant and 
linearly ordered over time and that the same biological and physical processes being 
52 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
observed presently correlate with processes in the past is seen as untenable (Van 
Couverlng 1980; Gifford-Gonzalez 1989a). Following Krebs (1978: 159), 
"environments in nature are continuously varying; they are never consistently 
favourable, never consistently unfavourable, but fluctuate between the two extremes". 
In view of this, although the dependency of faunas on the environment has not 
changed (e.g. Krebs 1978, 1996; Chapman and Reiss 1992), it is imperative to 
acknowledge that the environment and its associated parameters have changed over 
time, and community structures and dynamics, including the biological species, have 
responded to such changes through processes such as adaptation. The effect of 
environmental changes should therefore be considered when using modem ecological 
and taphonomic analogues or patterns to interpret palaeoecosystems (e.g. Krebs 1978, 
1985; Van Couvering 1980; Vrba 1980; Andrews 1990a: 29; Delcourt and Delcourt 
1991; Reitz and Wing 1999). Similarly, the role played by the human species, which 
according to Reitz and Wing (1999) has been a factor in promoting environmental 
modifications, and the impact that this has had on ecosystems, should also be 
investigated (Chaplin 1971: 145; Delcourt and Delcourt 1991: 15; Reitz and Wing 
1999: 306). Steyn (1984) has reported that the specialised habitat required by the 
grass owl (Tyto capensis) in southern Africa has suffered loss or decline and this has 
been attributed to the effect of human activities. In view of the changing nature of 
taphonomic and ecological factors, it is realistic to suppose that these changes pose a 
challenge to the interpretation of patterns evident in faunal assemblages, and generally 
the reliability of data derived from micromammalian faunal assemblages (e.g. Avery 
1990). 
5.3 The reliability of data derived from micromammaUan faunal 
remains 
Although faunal remains, including small mammal remains, have generally been 
acknowledged as reservoirs of information relating to the past, the reliability of the 
information derived from them has been questioned by a number of scholars (e.g. 
Mellet 1974; Gifford-Gonzalez 1989a; Marshall 1989; Avery 1990). While 
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acknowledging the potential of faunal remams to yield information about 
pa1aeoecosystems, Klein and Cruz-Uribe (1984) have argued that the many 
taphonomic processes that influence faunal remains can result in loss of some 
information. Fernandez-Jalvo and Andrews (1992) have also observed that secondary 
modifications may be superimposed on primary modifications, resulting in 
modifications to the bones that are unrelated with the cause of death. Additionally, 
Marshall (1989) has reported mimicry in faunal assemblages, which may resuh when 
different taphonomic processes produce similar patterns of modifications. As 
demonstrated in Figure 5.1.1, it is conceivable that secondary modifications may 
result from a wide range of taphonomic processes, including the recovery methods 
employed by the collector/analyst. 
As highlighted in Chapter Two and further summarized in Figure 5.1.1, faunal 
remains will bear a distinctive signature of the behaviour of a particular predator as 
predators hunt their prey selectively. Before micromammalian faunas are interpreted 
for palaeoenvironmental reconstruction, it should be acknowledged that the selective 
behaviour of predators would have influenced the composition of the subsequent 
predator faunal assemblages (e.g. Mellet 1974; Andrews 1990a). Although one cannot 
reliably identify and/or quantify the biases introduced by the predator and the wide 
range of taphonomic processes that influence faunal remains (D. M. Avery, pers. 
comm., 2002), all these biases significantly influence the faunal assemblage that will 
be accumulated, preserved, and finally become available to the analyst. Interpretations 
of such faunas are likely to result in flawed conclusions, such as an averaged and 
therefore meaningless index of completeness among skeletal elements, especially if 
remains of some species are underrepresented in the sample because of metors such as 
an inadequate sample size (e.g. Avery 1984). 
S.3.1 Sample size 
Although all faunal samples suffer from some bias (e.g. Klein and Cruz-Uribe 1984), 
it is imperative to note that prior to excavation or any other fimnaI. recovery method, 
certain decisions must be made by the collector/analyst. These should include the best 
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way of recovering faunal samples that will provide a relatively clear and valid picture 
of the original living communities from which the samples were derived (e.g. Payne 
1975; Wolff 1975; Avery 1984; Grayson 1984). In fact, the recovery methods should 
be tailored in such a way that no new biases are introduced (D. M. Avery, pers. 
comm., 2001). The size of screen used in the sieving of small mammal remains, for 
instance, will have tremendous effect on the samples retrieved. It is generally 
accepted that fine sieves tend to recover relatively high numbers of skeletal elements 
(e.g. Reitz and Wing 1999). 
Due to the many factors that influence micromammaHan faunal remains, faunal 
samples will only reflect the number of species in a sediment sample which mayor 
may not be the same as the total richness of the hypothesised community (e.g. Foote 
1992). Similarly, a sample will only reflect the faunal remains that reached a certain 
depositional area and were actually preserved and later retrieved by the analyst (Klein 
and Cruz-Uribe 1984). Because of essentially these factors, Payne (1975) and Avery 
(1984) have demonstrated the importance of collecting as large a sample as possible. 
This is because large faunal samples have a greater potential for yielding high number 
of identified specimens (NISPs) and minimum number of individuals (MNIs), 
therefore increasing the possibility of greater species diversity in the sample (payne 
1975; Avery 1984; Grayson 1984; Klein and Cruz-Un'be 1984). Conversely, small 
samples have less chance of accurately reflecting the proportional representation of 
each species, and are less likely to include all possible species represented in the 
faunal assemblage (e.g. Reitz and Wings 1999). 
Without completely precluding possible biases in subsequent interpretations, Shotwell 
(1955) has offered some insights into faunal sampling procedures that will help in 
ensuring that the number of specimens recovered will be reasonably adequate for 
palaeoecological investigations. Shotwell (1955) has stressed the need to collect or 
retain all faunal specimens in a given volume of sediments, including the fragments. 
The need for not only large samples but also samples with fairly complete skeletal 
elements may also be emphasized. This is because depending on factors such as the 
intensity of the taphonomic processes, it is conceivable that relatively complete 
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skeletal elements will have a greater potential for yielding much more information on 
the taphonomic history of the fauna than fragmented ones (e.g. Marshall 1989). In 
view of this, the importance of large samples in all these analyses cannot be over-
emphasised, as aspects such as the determination of relative taxonomic richness and 
equitability, as wen as skeletal frequency and equitability may fairly be achieved 
through relatively large samples. Large samples too, have greater potential to not only 
include new species but also rare ones (Grayson 1984; Koch 1987; Reitz and Wing 
1999). The crucial role that the conector/analyst plays in determining patterns in 
faunal assemblages therefore continues to be underscored. It is, however, important to 
point out that the need for a large sample will vary from one faunal occurrence to 
another and that this will depend on the heterogeneity of the parent population from 
which the fauna were derived (D. M. Avery, pers. comm., 2002). Interpretations ofa 
faunal sample from a more homogeneous population such as catastrophic assemblage, 
for instance, may not strictly require a large sample size, as such faunas often 
represent one or a few species (e.g. Andrews 1990a). 
5.4 Micromammalian remains as palaeoenvironmental indicators 
In spite of the many taphonomic and ecological factors that influence 
micromammalian remains, it has become widely accepted that with appropriate 
caution, small mammal remains are useful in the interpretation and reconstruction of 
palaeoenvironments (e.g. Kowalski 1971; Avery 1982, 1987, 1993; Thackeray 1987; 
Andrews 199Oa; Reitz and Wing 1999). The recognition of small mammals as 
palaeoenvironmental indicators is based on the ecological premise that small 
mammals are relatively habitat-specific and sensitive to climatic and environmental 
changes that may affect them either positively or negatively, depending on their 
ecological requirements (e. g. Avery 1982, 1990; Black and Krishtalka 1986). 
Small mammals are largely dependent upon vegetation for food, sheher and 
protection from predators. Because of this, extrinsic factors such as climate tend to 
affect the structure and dynamics of small mammal communities through their 
positive or negative impact on vegetation. Rainfall, for example, is known to 
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influence the vegetation as well as the general biomass of an area (e.g. Nel and 
Rautenbach 1975; Coe 1980; Avery 1990, 1992, 1993). Because of their great 
dependence upon vegetation, therefore, small mammals provide indirect evidence for 
climatic interpretations. The interpretations may be made after discerning fluctuations 
in vegetation in response to changing environments (Avery 1987, 1993). As an 
example, the dominance of moist dense vegetation at Boomplaas in the southern Cape 
some 6200 years ago led to the inference that rainfiill may have been an all-year-
round phenomenon (Avery 1993). This inference has also been supported by the 
dominance of Krebs's fat mouse (Steatomys Irrebsii) in the southwestern Fynbos at 
Byneskranskop since this species is associated with relatively wet summers (Avery 
1993). Similarly, micromammalian remains from Klasies River Mouth on the south 
coast of South Africa have provided a relatively clear sequence of vegetational 
changes during the Late Pleistocene. The fauna suggest that the environment would 
have been a mixture of vegetation types comparable with those in modem 
environment. Because Saunders's vlei-rat (Otomys saundersiae) occurs in open 
vegetation including restioids and small-leaved shrubs, the presence of this species at 
Klasies River Mouth suggested that the vegetational mosaic during the Late 
Pleistocene would have included open vegetation associated with Dune Fynbos 
(Avery 1987). Following Kowalski (1971), the rodent spectrum in faunal assemblages 
has the potential to offer insights into vegetation fluctuations, including very slight 
ones. The prominence in faunal assemblages of micromammalian species that are 
presently known to be generally adapted to extreme but relatively predictable 
environments may also help in the reconstruction of the palaeoenvironment. Avery 
(1993: 224) has indicated that because of its breeding characteristics the prominence 
of the fat mouse (Steatomys pratensis) in South African sites may imply that the area 
received "strongly seasonal but predictable rainfall regime". 
Depending on temperature extremes, it has been observed (e.g. Krebs 1978) that the 
life cycle of mammalian species including micromammals may be impeded, resulting 
in disruption of important aspects of the community such as reproduction. The Late 
Quaternary fluctuations in species diversity and equitability in micromammalian 
fauna in southern Africa have been associated with changes in temperature 
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(Thackeray 1987). Atmospheric moisture, another key variable in the environment 
(e.g. Krebs 1978, 1985), is also known to affect small mammal populations. Avery 
(1982) has, for instance, noted that the broad-ruched forest shrew (Myosorex varius) is 
very sensitive to changes in the atmospheric moisture levels and, being an inhabitant 
of relatively moist environments, would be affected by changes in available moisture. 
According to DiMichele (1994), however, minor environmental perturbations may not 
dramatically disrupt biological communities, as some species are able to adapt. 
Micromammalian remains accumulated by both avian and mammalian carnivores will 
tend to offer reliable palaeoecological interpretations (Korth 1979). This is largely 
because through predation, both avian and mammalian predators sample different 
micromammalian species and, therefore with all other mctors being equal, an 
assemblage resulting from these predators is more likely to provide a relatively close 
approximation of the communities from which the micromammalian species were 
derived (Korth 1979). In view of this, even though micromammalian data will only 
offer evidence for the subset of the environments within which the predator hunted 
(e.g. Andrews 1990a), an understanding of not only the habitats from which prey 
species may have been derived but also those in which the predators lived, will help in 
deriving relatively accurate interpretations of palaeoenvironments (e.g. Femandez-
Jalvo 1995). By and large, because of the many taphonomic and ecological processes 
that influence micromammaHan fauna, it is worth emphasizing the need to understand 
patterns evident in micromamma1ian faunal assemblages, as this will help in reaching 
more accurate interpretations of ancient ecosystems. 
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CHAPTER SIX 
Material and methods 
6.1 Introduction 
The material on which this project is based comprises cranial and post-cranial elements 
of mainly murids (rats and mice) and soricids (shrews), the fonner being much more 
abundant than the latter in the SBYC fuunal samples. Although Andrews (1990a: 57) has 
noted that insectivores are much less commonly represented in pellet assemblages, it was 
felt worth investigating separately the soricids represented in the SBYC fuunal samples. 
Other micromammalian species investigated included the molerats, golden moles, 
elephant shrews and bats. These micromammalian groups, together with the birds, 
reptiles and amphibians, are poorly represented in the fuunal samples, which explains 
why they were given little attention. 
6.1.1 Specific aims and hypotheses 
Because the microfuuna at SBYC appears to be eroding down slope (see Figure 6.2.1), 
one of the main motivations of this stud  is to determine whether the site represents a 
single predator fuunal accumulation that has been modified subsequently by later 
processes such as erosion. If this is the case, there should be differences in the 
representation and condition of bones among the three samples, bearing in mind 
di~rences in durability among body parts. These differences will therefore be attributed 
to the differential effect of taphonomic processes at work during the exposure and down-
slope movement of the assemblage. In addition, there should be no significant di~rences 
in species composition among the three samples, and because skeletal morphology plays 
an important role in relative degrees of damage, MNIs based on the same skeletal 
element should be consistent across taxonomic groups. On the other hand, if several 
predators were involved in the accumulation of the assemblage, there should be 
noticeable di~rences in species composition among the three samples, largely because 
of the tendency of predators to hunt certain prey species. In addition, although 
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modilkalions 10 skelelal elements subsequellt 10 depositioll would bave substalltialJy 
masked the predator-induced modificalions, Ihe launa should also exhibil differences in 
lhe levels of breakage and, most importanlly etching as a result of predator digestion, 
because predators difICrcntially modify the bones of their prey. 
6,2 Sampling and analysis of the fauna 
Two surface samples. termed Upper Slope and Down Slope, were taken from dilferent 
heights 01" the slope. A thinI sample, termed Hanging Relllllant. was taken from the 
believed in situ material. In both the Down Slope and the Upper Slope. sw13.ce sediments 
were arbitrarily collected in pol}1hcnc bags. With the aim of ensllring that minimal 
damage was caused to Ihe bones, the scooping 01" sediments into the bags was earefully 
done wilh a soft brush and a trowel. 
Figur< 6.2.1: Th. SBYC .ito .howing tho !"'.ilion. "Ion~ Ihe .Iope ofthe three 
.. tIIpltd areas (phOto by J. £. ParkiJlgtoll) 
Because of the partially cemented nature orthe Hanging Remnant (Figure 6.2.2), denial 
picks were used 10 supplement Ihe soil brush and trowel. This was done "'itb the 
intention of extracting sediment samples of relatively the same size as those obtained 
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from bQth tho: Down Slope and Upper Slo p.:: , where the loose sed iments were easy 10 
SiIJJ1 ple (~ figure 6.23). 
" I U'" 6.2.1' Tho <_ud utu ... Mcho II ..... , 1I. . .... nt (OtIkt"(J p ....... ,r<! 
by tho a"""" pb<>tt> ~y J. E. P.,k"'(ItoIl) 
F jr,o ", f>.1 ..1 : T he po;lDoa. orth. 1)0 ..... Slope .... lo.tiH 10 t~ Uppor Sltrpe aM " . 
ktose.odimon U in M lb ..... . (pb OIO br J. 1t . I'. rkin &ton ~ 
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:In the laboratory, two bags of sediment samples from each of the sampled areas were 
arbitrarily chosen for investigation of the microfauna inside them. These sediment 
samples were carefully sieved through a 1.5 mm flour sieve, and sorted for microfauna. 
After sorting, the SBYC microfauna were taken for identification at the Iziko South 
African Museum in Cape Town, where a comparative collection of modem material was 
available. 
Although every faunal occurrence has its unique characteristics (e.g. Olson 1980), the 
small mammal remains from SBYC have been analysed following largely the procedures 
described by Andrews (1990a), supplemented by the work of Matthews (1998), 
Femandez-Jalvo and Andrews (1992), and Avery (1982,1999). 
6.3 Number of identified specimens (NISPs) 
The number of identified specimens (NISPs) was taken for all skeletal elements 
represented in the SBYC faunal samples. Because of the fragmented nature of the skulls, 
a phenomenon that Andrews and Evans (1983) and Andrews (1990a) have also reported, 
it proved difficult to assign the cranial fragments to any particular taxonomic group, 
especially in situations where dentition is lacking. Cranial fragments have therefore been 
counted for each sample, and the few that could certainly be identified assigned to their 
respective taxonomic groups. The mandibles and the maxillae belonging to mund 
rodents, insectivores (shrews and golden moles), molerats and bats, were counted and 
recorded for the three sampled areas. Similarly, loose molars were also counted and 
recorded. Andrews and Jenkins (2000) have noted that large numbers of incisor 
fragments may not always indicate their abundance, especially when they are 
fragmentary. :In view of this, because of the large numbers of incisor fragments in the 
SBYC faunal samples, counts were confined to those incisors that have their tip intact, 
and were half or more complete. Without separating the rodents and the insectivores, 
counts were also taken for all post-cranial elements represented in the three samples. 
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fauna, and more particularly the munds, yielded relatively high numbers oflong bones as 
compared to the jaws, the MNIs derived fi'Om the counts of the best represented jaws 
were further augmented by MNIs derived fi'Om the long bones. As Klein and Cruz-Uribe 
(1984) and Avery (2002) have suggested, the best represented long bone (either from the 
left or right side) was used to obtain the MNIs in the SBYC faunal samples. 
Following Avery (2000), proportional representation of species among the three sampled 
areas was determined through the Shannon-Wiener index fur general diversity, H= 
r(n/N) *LN (n/N)* -1. Here ni is the number ofindividuals assigned to each species and 
N is the total number of individuals in the sample (Avery 2000: 64). Because 
identification of the micromammalian species represented in the SBYC fauna was based 
on the jaws, analyses of diversity indices were based on the MNIs derived fi'Om the jaws. 
6.S Breakage patterns of tile skulls 
Investigations of breakage patterns of the skulls were only carried out on the munds and 
soricids, and not on the rest of the micromammalian fauna in the SBYC samples. As 
noted earlier, this was largely because the rest of the fauna are poorly represented in the 
SBYC samples. In addition, because of differences in morphology, it became apparent 
that the breakage categories developed to suit the large murid and soricid samples 
(especially the jaws) would not have suited the other fauna without upsetting the 
categories. It was, however, acknowledged that molerats and golden moles would 
possibly have exhibited a similar breakage pattern, owing to their similar bone 
morphology adapted to the bUlTOwing lifestyle (D. M. Avery, pers. comm., 2001). 
6.5.1 Breakage of the cnania 
Andrews (l990a) adapted some categories to define different cranial proportions 
depending on their degree of completeness. He has, for instance, defined a complete 
cranium as one that has the maxillae and frontal bones, and approximately half of the 
cranial vault still intact. Because of the fragmented nature of the crania in the SBYC 
samples, however, it was difficult to assign them different categories. Most of the cranial 
portions were therefure counted and assigned to the category of 'cranial fragments'. 
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Identifiable portions of the cranium such as the zygomatic processes and the auditory 
bullae were also counted. 
Although the available literature (e.g. Andrews 1990a; Matthews 1998) on maxilla 
breakage does not investigate rodents and insectivores separately, this project attempted 
to do so. According to Andrews (1990a), the detachment of the maxillae from the 
cranium is one of the primary stages observable in the breakage of a rodent skull. When 
this happens, the zygomatic process (see Figure 6.5.1) may remain attached to the 
maxilla, an aspect that Andrews (1990a) used to investigate maxillae breakage patterns, 
depending on the retention of the zygomatic process. 
premaxilla 
diastema 
alveolus 
zygomatic 
process 
Figure 6.S.1: Tbe ventral view of a rodent cranium sbowing elements used 
in the tat (labelling after Avery 1982, Figure 7) 
Among the SBYC murids, the number of maxillae with zygomatic processes still 
attached was relatively high, and therefore this phenomenon was used as an important 
key in the analysis ofmurid maxillae breakage. The fullowing categories were used: 
Category 1 Alveoli (with or without teeth) of Ml_M3 intact, and a 
portion of the zygomatic process intact; slight damage on 
any part of the alveoli was disregarded 
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Category :2 As Category 1, but zygomatic process missing 
Category 3 Alveoli (with or without teeth) ofM! or Ml_M2 intact, and 
a portion of the zygomatic process intact 
Category 4 Maxilla :fragments; include portions of the premaxilla, and 
the alveolus of either M 1 , M2 or M3 or any combination of 
two of these (with or without teeth) 
It was not possible to use the zygomatic process as a key in the investigation of breakage 
patterns among the soricids. This is largely because, as Meester (1963) has shown, the 
incomplete zygomatic processes of the soricids (see Figure 6.5.2) posed a difficulty in the 
analysis ofmaxiHary breakage among the soricids. 
zygomatic 
process 
Figure 6.5.1: The ventral view of a sorieid eranium showing elements used 
in the text (labelling after Meester 1963. Figure 12 and text) 
Following Andrews' (1990a) and Matthews' (1998) procedures in the analysis ofmaxiUa 
breakage patterns among small mammals, the breakage of soricid maxillae was 
investigated mainly by counting the maxinae occurring as part of the cranium as wen as 
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those that were detached from the cranium. The following categories were employed to 
investigate breakage among soricid maxillae: 
Category 1 Left and right maxillae still joined by the palatine bone, 
with alveoli (with or without teeth) OfIl 2 3: Cl: p4: M 123. 
These were termed complete, with slight damage on any 
part of the maxillae disregarded 
Category :1 As Category 1, but maxilla detached from the opposite side 
Category 3 Alveoli (with or without teeth) ofp4-M2 
Category 4 Maxilla fragments; include alveoli portions (with or 
without teeth) ofIl_p4 or p4-M\ MI or MI_M2or M3 
6.5.2 Breakage of the mandibles 
Andrews (l990a) indicated that breakage categories resulting from different predators are 
similar for both rodent and soricid mandibles. While analysing the SBYC mandible 
samples, however, it became apparent that the breakage categories adopted by Andrews 
(l990a) and Matthews (1998) required some adjustments to suit the SBYC samples. This 
was largely because a variety of individual portions of the mandible, and more 
particularly among the soricids, were fairly well represented in the munal samples. The 
breakage categories used by both Andrews (1990a) and Matthews (1998) could therefore 
not have accommodated all the individual mandible portions in the SBYC samples. A 
similar phenomenon was also evident among the rodent (murid) mandibles. Due to some 
difierences in the anatomy and morphology of micro mammalian mandibles, such as the 
presence of a diastema in rodent mandibles and not in insectivores (see Figures 6.5.3 and 
6.5.4), or the absence in the soricids of the thin alveolar bone associated with rodent 
incisors (Andrews 1990a: 57), it became necessaty to adopt different breakage categories 
for the murids and the soricids represented in the SBYC fimnal samples. 
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incisor 
height of ascending ramus 
Figure 6.5.l: The lblgual view of a rodent mancHble showing elements nsed 
m the text (labeling after Avery 1982, Figun 7) 
symphysis body 
coronoid 
process 
condyle 
angular 
t process height of ascending 
ramus 
Figure 6.5.4: The lingual view of a soridd mancHble showing elements used 
m the text (labelling after Meester 1963, Figure 14, and Avery 1981, Figure 
7) 
Following Andrews (1990a: 56) and Matthews (1998: 49), breakage of the murid 
mandibles was investigated by placing the individual jaws into the following categories, 
depending on their degree ofbreak.age: 
Category 1 Complete mandibles; slight damage on any part of the 
mandible was disregarded 
Category 1 As Category 1, but with ascending ramus missing 
Category 3 As Category 2. but with inferior border broken; ascending 
ramus broken or missing 
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Category 4 Mandible fragments; include portions of body (with or 
without teeth) with or without the diastema, and portions of 
ascending ramus with or without any alveoli 
Mandible breakage patterns among the soricids were investigated by grouping them into 
the following categories: 
Category 1 Complete mandibles (with or without teeth); slight damage 
to the ascending ramus and the anterior part was 
disregarded 
Category 1 As Category 1, but ascending ramus missing; slight damage 
to the anterior and the posterior part was disregarded 
Category 3 Anterior portion with h-P4 missing. Ml and M2 may also be 
missing; ascending ramus intact or slightly damaged 
Category 4 Anterior portion with 12-P 4, and the ascending ramus 
missing. Mb M2, M3 or any combination of this intact 
Category 5 Mandible fragments; include portions anterior to the M3 
(may include the alveoli ofh - M2. with or without 
teeth), and portions of the ascending ramus without any 
alveoli. 
The above investigations were carried out separately on all jaws from the three sampled 
areas. No distinction at this stage was made between left and right maxillae and 
mandibles. 
6.5.3 Tooth loss from maxillae and mandibles 
According to Avery (1984) and Matthews (1998), detennination of the relative number of 
teeth lost from both the maxilla and the mandible is :fur from simple. This is because 
many :tactors, including the sampling and/or sorting procedures may result in the loss of 
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teeth. To detemrine the extent of tooth loss at SBYC, the number ofisolated teeth in each 
faunal sample were counted. This was done without separating the rodent and the 
insectivore molars, and without the distinction oflower and upper molars. 
In this preliminary investigation of the SBYC micromammalian fauna, no comparison 
was made between the isolated molars and those in situ. This was because it was :felt that 
the data obtained from the breakage patterns of the mund and soricid jaws were sufficient 
to explain the breakage patterns of the jaws. 
6.6 Effect of acid-etching 
Because of the mineralized nature of tooth enamel, the effect of acid -etching in predator 
assemblages tends to be relatively higher on teeth than other skeletal elements (e.g. 
Andrews 1990a). In view of this, this groundwork study investigated the efrect of 
predator digestion only among the incisors. Andrews (l990a) pointed out that among 
micromammalian species, incisor digestion tends to be restricted to rodents, and different 
rodent species show less structuml differences in the incisors than in the molars. Because 
of the relatively low numbers of incisors belonging to the non-rodent species in the 
SBYC faunal samples, only the mund rodent incisors were investigated for acid-etching. 
The lower incisors were separated from the upper ones as according to Andrews (1990a), 
there is usually differential incidence of digestion between upper and lower incisors, with 
upper incisors exhibiting a relatively greater incidence of digestion than the lower ones. 
The greater incidence of digestion on upper incisors has been ascribed to the higher 
breakage ofthe maxillae (Andrews 1990a). 
Etching caused by digestion is evident mainly on the tips of the incisors (Figure 6.6.1) 
and, depending on the predator, may spread along the enamel surface and the dentine of 
the incisor (Andrews 1990a; Femandez-Jalvo 1995). For this reason, investigations on 
acid-etching were only carried out on incisors with intact tips and were half or more 
complete. Although it is important to note that acid-etching may have been present on 
other incisor fragments, it is believed that the incisors investigated for acid-etching would 
provide a clear image on the effect of etching on the SBYC micromammalian fauna. 
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tip 
Fig~ .. 6.f>.1' A murkllnci,or slt",,;ng ~l.ments used in lb. Int 
FoHowing Matthews (1998: 54), the fOllowing categories were used in the investigation 
of aeid-etehing among the SBYC mllrid incisors. A light microscope was uscd in the 
investigations and magnifications up to x 40 were employed. 
OltegOry 1 No visible etching on the incisor 
Category 2 Slight digestion and pilling of the enamel surfuce 
(mainly on the incisor tip, butoot n:slric1cd thcn:); 
etching hal; not penetrated the dentine 
Category 3 Area of digestion not much greater than Category 2, 
but etching has slightly penetrdted the dentine 
Category 4 Much more extensive area of digestion with total n:moval 
of the enamel in some areas: underlying dentine exposed 
and digested 
Calegory 5 Almost total removal of the enamel and extensive digestion 
of the dentine 
6.7 Breakage of post-cranial bones 
Investigations of post-cranial breakages started with the long bones, as these are some of 
the more durable skeletal elements (e.g. Chaplin 1971; Reitz and Wing 1999) that may 
provide unique infonmaion about the taphonomic history of faunal assemblages. 
Following Andrews' (i 990a) procedures, the best represented long bones in the samples, 
namely humeri, ulnae, femora and tibiae, were chosen 10r analysis. The fibula, which is 
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nonnally attached to the tibia, was not considered in the analysis. This is because, except 
for a few golden mole tibiae, this very fragile bone was rarely preserved. Due to the 
relatively poor representation of the radius in the faunal samples, the breakage pattern of 
this limb bone was not investigated. 
Breakage patterns of the soricid and mund humeri and femora of which it was fairly easy 
to distinguish, were investigated separately. In this exercise, the sides (left or right) of the 
humeri and femora were also detennined. The separate analysis of the mund and soricid 
long bones was undertaken with the aim of shedding some light on how differential 
destruction, a phenomenon associated with many taphonomic processes (e.g. Korth 1979; 
Andrews 1990a), has affected the long bones belonging to the two different taxonomic 
groups. On the other hand, it proved difficult at this stage to certainly assign elements 
such as the tibia proximal ends and shafts to taxonomic group. Similarly, it was difficult 
to certainly assign all proximal ends of the ulnae to taxonomic group. Because of this, the 
tibiae and the ulnae were at this stage treated as indetenninate micromammalian remains. 
proximal 
shafts 
distal 
humerus femur 
tibia 
Fignre 6.7.1: Categories ollonl bones represented in the SBYC fanna 
In the investigation of breakage among the long bones, the same breakage categories 
established by Andrews (1990a) and further adopted by Matthews (1998), among others, 
were used. These are 'complete, proximal, shaft and distal' (see Figure 6.7.1). A long 
bone was categorised as complete if the shaft contained part or most of the proximal and 
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distal ends intact. Proximal and distal ends comprised the relevant end with a portion or 
all the shaft. Long bones lacking both the proximal and articular ends were categorised as 
shaft. Long bones represented in these different categories were counted fur each 
sampled area in the SBye. The percentage of each category was calculated against the 
total of each category. 
6.7.1 Analysis of other post-ennial bones 
Because scapulae and innominates are relatively abundant in the SBye faunal samples, it 
was felt worth investigating their breakage patterns. Although there is little literature on 
the breakage of the scapula and the innominate, keys were invoked to help analyse the 
breakage patterns of these two bones. 
Following Dodson and Wexlar (1979) and Matthews (1998), but making some 
adjustments to suit the SBye samples, the scapulae were grouped into two categories, 
depending on their degree of breakage. The scapulae with the glenoid fussa (i.e. the 
proximal end) and less than half of the blade intact (see Figure 6.72), were categorized as 
'proximal'. On the other hand, those that have the glenoid fussa and half or more of the 
blade intact were categorised as 'complete'. 
glenoid fossa: spine 
Figure 6.7.2: A rodent scapula showing elements used in the ten 
The innominates were also grouped into two categories, depending on their degree of 
breakage. Following Matthews (1998), an innominate was classified as 'complete' ifit 
retained all or most of the acetabulum, ilium, ischium and pubis (see Figure 6.7.3); slight 
damages were disregarded. Portions of the acetabulum, ilium, ischium or the acetabulum 
together with part of one or two of the pelvic bones were classified as fragments. 
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ischium 
pubis 
acetabulum 
Figure 6.7.3: A rodent innominate showing elements used in the text 
Analysis of post -cranial bones other than the long bones, scapulae and innominates, was 
restricted to taking their counts. In this exercise, patellae, loose epiphyses, metapodials, 
calcanea, astragali and other associated podials, phalanges, and the vertebrae were 
counted. 
6.8 Epiphyseal fusion in the long bones 
The extent of modifications to mammalian remains, including those belonging to small 
mammals may depend on the age of the individuals at the time of their death. Bones 
belonging to young individuals are less durable and therefore more likely to be destroyed 
by taphonomic processes, including the effect of predation (Chaplin 1971; Western 1980; 
Klein and Cruz-Uribe 1984; Andrews 1990a; Reitz and Wing 1999). In view of this, two 
of the relatively abundant long bones in the SBYC samples, the humerus and femur, were 
chosen for investigation of epiphyseal fusion. This aimed at determining whether their 
abundance may be ascribed to their early fusion and therefore durability and surviVability 
against taphonomic processes (e.g. Klein and Cruz-Uribe 1984). Without determining 
whether the epiphyseal line was visible or obscure (e.g. Reitz and Wing 1999) as long as 
the epiphysis was 'fused' to the limb bone, investigations were carried out on each limb 
bone. Although the distal humeri fuse early in life (e.g. Bates and Harrison 1980: 584-5), 
investigations of epiphyseal fusion among the humeri were carried out on both the 
proximal (head of the humerus and its tuberosities) and distal ends. With regard to the 
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femur, investigations were confined to the femur head and the distal extremity (e.g. Bates 
and Harrison 1980). Because rates of epiphyseal fusion may differ from one species to 
another and from one individual to another (Bates and Harrison 1980), investigations of 
epiphyseal fusion were carried out separately on the munds and the soricids. 
In each sampled area, loose epiphyses fur both humeri and femora were also counted. 
Besides lending some support to the relative age classes of the fauna across the three 
sampled areas, the main aim behind taking the counts for loose epiphyses was to 
investigate whether their proportions generally corresponded with the proportions of 
unfused humeri and femora. 
6.9 Post-cranial to cranial proportions 
In an attempt to investigate the possibility of preferential destruction/preservation 
between the cranial and post-cranial bones, the relative proportions of post-cranial to 
cranial elements were detennined. Following Andrews (l990a), the relative proportions 
of post -cranial to cranial elements were established on the premise that if there had been 
no preferential damage, the numbers of the long bones (Le. humeri, ulnae, femora and 
tibiae) should correspond with those of the maxillae and mandibles, and any disparity in 
this would mean that there has been preferential damage. Proportions <100 have been 
taken to imply relative loss of skeletal elements, while on the other hand, proportions 
> 1 00 have been taken to imply surplus skeletal elements. The foHowing indices were 
investigated: 
1) [Humeri + femora]! [maxillae + mandibles] x 100 
In the above exercise, the proportions ofpost-cranial to cranial elements in each sampled 
area were determined separately for both munds and soricids, whereas in the two 
exercises below, all skeletal elements were treated together. 
2) [humeri + ulnae + femora + tibiae]! [maxillae + mandibles + isolated teeth] x 
100 
Following Andrews (1990a), an index to investigate any possible selection for or against 
the proximal, as opposed to distal limb bones, was invoked: 
3) total numbers of [tibiae + ulnae]/ femora + humeri] x 100 
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In addition to the investigations of relative proportions between the three samples, chi-
squared tests (~) were carried out for a number of skeletal elements. Following 
Weatherbum (1962: 164-184) and Shennan (1988: 65-76), the ~ tests were carried out 
with a view to statistically testing the distribution of skeletal elements among the three 
samples, and whether the distribution of the fauna in the three sampled areas has been 
dependent on or independent of one another. The following formula was used in the chi-
squared <.r) tests: 
r= I: (0- Ei where 0 is the observed number of cases (elements) in each 
E 
category and E is the expected number of cases (elements) in each category. The chi-
squared tests were also augmented by computer-derived gamma analyses. The gamma 
analyses were carried out with the intention of investigating whether there are statistically 
discernible directional (ordinal) relationships between the position of the :fauna along the 
slope and the degree of breakage. The gamma statistic is constructed to be sensitive to the 
proper ordering of categories for two distinct variables, whereas the chi-squared <.r) is 
constructed so as to ignore the ordering of categories, and is not able to detect ordinal 
patterns (T. Dunne, pers. comm., 2002). 
6.10 Analysis of other microfauna represented in the SBYC samples 
With a view to conclusively understanding the SBYC microfauna, the non-mammalian 
micromuna were investigated. The analysis of these faunal remains was, however, limited 
to the identification of the various taxonomic groups. In this exercise, the most 
commonly preserved skeletal elements were used to determine relative abundance of the 
different species represented. 
6.11 Palaeoenvironmental reconstruction 
In reconstructing the microhabitats represented by the SBYC micromammalian species, 
taphonomic and ecological issues investigated on the SBYC micromammalian fauna will 
be considered. This will include :fiJ.ctors such as the breakage patterns of skeletal 
elements, modem distribution and microhabitats of the small mammals represented at 
SBYC, as wen as their proportions in the faunal samples (e.g. Avery 2001, 2002). A 
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general understanding of the habitats of the potential predatorls that may have been 
involved in the accumulation of the muna will also aid in the reconstruction of the 
palaeoenvironment around the SBYC area (e.g. Femandez-Jalvo 1995). 
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CHAPTER SEVEN 
Results 
7.1 Skeletal elements in the SBYC micromammalian faunal samples 
Although the faunal samples on which this project is based are portions of the 
microfaunal occurrence at SBYC, the numbers listed in Table 7.1.1 will give some 
idea about body-part representation at the site. 
Table 7.1.1: Number of identified specimens from SBve (N). 
Skeletal Down Upper Hanging 
element Slope Slope Remnant 
N % N % N % 
Mandibles 280 3.7 860 4.0 135 4.5 
Maxillae 198 2.6 398 1.8 66 2.2 
Cranial fragments 87 1.1 146 0.7 61 2.0 
Zygomatic processes 56 0.7 60 0.3 13 0.43 
Auditory bullae 2 0.03 13 0.1 0 0 
Isolated molars 1258 16.5 3061 14.2 510 16.9 
Isolated incisors 337 4.4 1185 5.5 100 3.3 
Scapulae 89 1.2 196 1.0 25 0.83 
Humeri 387 5.1 698 3.2 158 5.2 
Ulnae 238 3.1 846 3.9 118 4.0 
Radii 158 2.1 424 2.0 83 2.7 
Innominates 148 1.9 352 1.6 65 2.1 
Vertebrae 1329 17.4 3548 16.5 402 13.3 
Femora 337 4.4 714 3.3 166 5.5 
Patellae 47 0.6 99 0.5 18 1.0 
Tibiae 379 5.0 1054 4.9 174 5.8 
Astragali 208 2.7 481 2.2 66 2.2 
Calcanea 229 3.0 570 2.6 78 2.6 
Podials 75 1.0 314 1.5 22 0.72 
Metapodials 838 11.0 2680 12.4 448 14.8 
Phalanges 961 12.6 3831 17.8 318 10.5 
TOTAl 7641 21530 3026 
The percentages in Table 7.1.1 suggest that there are no significant differences in the 
proportions of number of identified specimens (NISPs) among the three samples. The 
resuhs further show that in the three samples, there seems to have been preferential 
destruction of the skull, as indicated by the absence of complete crania, the presence 
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of low proportions of identifiable cranial fragments and the high proportions of 
isolated molars. In all the sampled areas, the percentages of isolated molars, vertebrae, 
pbalanges and metapodials are quite high. 
Among the long bones, there are relatively low percentages of radii and generally 
higher percentages of tibiae relative to other long bones. In the three samples, it is 
interesting to note the minimal differences in the percentages of skeletal elements 
such as mandibles, radii, ulnae, podiaIs, astragali, calcanea and zygomatic processes. 
7.2 MicromammaHan species from SBYC and the minimum number 
of individuals (MNIs) 
Table 7.1.1: List ofmieromammalian spedes entOlllltered ill the SBYC mnul samples 
(Nomendature after Meester et aJ. 1986; Skinner and Smithers 1990; Wilson and Reeder 1993). 
Order family Genus, species Common name 
Insectivora Chrysochloridae Chrysochlorls asiatica Cape golden mole 
Soricidae Crocidurs cyanea reddish-grey musk shrew 
Crocidurs flavescens greater musk shrew 
Myosorax vanus forest-shrew 
Suncus vanlla lesser dwarf shrew 
Chlroptera Rhinolophidae Rhinolophus ciivosus Geoffroy's horseshoe-bat 
Rodentia 
Muridae Dendromus me/anotis grey climbing mouse 
Dendromus mesome/as Brants's climbing mouse 
Steatomys krebs;; Krebs's fat mouse 
Gerbillurus paeba hairy-footed gerbil 
Taters afrs Cape gerbil 
Mystromys albicaudatus white-tailed rat 
Rhabdomys pumilia striped mouse 
Otomys irroratus v lei-rat 
Otomys saundersiae Saunders's vlei-rat 
Otomys unisulcatus bush Karoo rat 
Bathyergidae Bathyergus suillus Cape dune molerat 
Cryptomys hottentotus common molerat 
Macl'08C8Udea Macroscelididae Elephantulus edwardi; Cape rock elephant-shrew 
Table 7.2.1 lists the microma:mmalian species recovered :from SBYC. The maxillary 
and mandibular :frequencies of the microma:mmalian species are recorded in Appendix 
3. From the results in Table 7.2.1, it is apparent that small sized rodent species are 
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well represented in the fauna than any other taxonomic group. Among the 
insectivores, soricids are fairly well represented in the SBYC faunal samples. 
Table 7.2.2 gives the MNI and percentage representation of all micromammalian 
species from SBYC. Table 7.2.3 presents the Shannon-Wiener indices for general 
diversity (11). The MNIs have been derived from the most represented jaw (upper or 
lower, left or right). Based on the jaws, Table 7.2.4 further shows the total MNIs for 
the murids and soricids. 
Table 7.1.1: MNI and pereentage representation of mkromammalian 
speeies from SBYC based OIl maxillae and mandibles. 
Tuon Down Slope Upper Slope Hanging Remnant 
N % N % N % 
InHCtivol1l 
, C. asiatica 2 1.1 12 2.4 
cf. C. cyanea 1 3.1 3 0.6 3 3.4 
.. C. flavescens 4 2.1 5 1.0 1 1.1 
M. varius 49 26.0 164 32.1 12 13.5 
of. M. varius 3 1.6 16 3.2 1 1.1 
S. varilla 20 10.6 63 12.5 19 21.3 
cf. S. varilla 1 0.2 
Chll'Optera 
.t' R. clivosus 1 0.53 1 0.2 
Rodentia 
"D. melanotis 2 1.1 9 1.8 2 2.25 
-:~ D. mesome/as 2 0.4 
Dendromus spp. 2 0.4 2 2.25 
S. krebsii 8 4.2 22 4.4 3 3.4 
',I G. paeba 1 3.1 9 1.8 3 3.4 
T.atTa 50 26.5 121 24.1 25 28.1 
'M. albicaudatus 2 1.1 4 0.8 2 2.25 
, '>R. pumilia 4 2.1 4 0.8 
cf. R. pumilia 1 0.53 
00. irroratus 1 0.53 1 1.4 1 1.1 
.0. saunders/as 10 5.3 24 4.8 12 13.5 
'0. unisulcatus 5 2.65 6 1.2 
Otomysspp. 9 4.8 11 3.4 3 3.4 
;B. suillus 1 0.2 
, ';C. hottentotus 4 2.1 8 1.6 
Macroscelldea 
,E. edwardl! 1 0.2 
TOTAlMNI 189 502 89 
~ t· 
l 
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The results in Table 7.2.2 show relatively high MNls for Tatera afra, Myosorex 
varius and Suncus varilla in all the samples. The minima) differences in the 
percentages of Tatera afra among the three samples may also be observed. The results 
further show that the Otomys spp., particularly Otomys sauntiersiae, are fairly well 
represented at SBye. The total percentage representation of Otomys spp. is highest in 
the Hanging Remnant and least in the Upper Slope. On the other hand, the relatively 
low representation of species such as Dendromus spp., Crocidura spp., Gerbillurus 
paeba and Rhabdomys pumilio, as well as the negligible representation of relatively 
larger species such as Bathyergus milius, Cryptomys hottentotus and Elephantulus 
edwardii, is evident in Table 7.2.2. 
Table 7.2.3 shows that there are minor differences in the indices for general diversity 
(H) among the three samples. When the highly represented Tatera afra is omitted 
from the analysis, the diversity indices fluctuate, as indicated by the higher index in 
the Down Slope and the lower indices in the other samples. On the other hand, when 
Myosorex varius is omitted from the analysis, there is a noticeable decline in the 
diversity indices in all the samples, and this phenomenon is more prominent in the 
Hanging Remnant. Among the three Samples, the Down Slope yielded the highest 
diversity indices. 
Table 7.2.3: Sbauoa.-Wiener indices for genenl divenity (II). 
Down Upper Hanging 
Slope Slope Remnant 
With T. afm and M. varius 2.16 2.04 1.95 
Without T. afm 2.24 1.97 1.9 
Without M. varius 2.07 2.02 1.74 
The results in Table 7.2.4 clearly show that in both the Down Slope and the Upper 
Slope, soricids yielded higher MNls than did the murids. It is, however, worth 
mentioning the minimal difference in the MNIs between murids and soricids in tlle 
Down Slope. On the other hand, the murids yielded higher MNls in the Hanging 
Remnant than did the soricids. 
81 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
Table 7.2.4: Minimum numbers of murlds and sorieids (in bold) based on 
maxillae and mandibles. 
Skeletal Down Slope Upper Slope Hanging Remnant 
element Murlds Sorlelds Murlds Sorlelds Murads Sorlelds 
lmu 73 13 149 43 26 2 
Rmu 80 16 148 37 35 1 
lman 52 61 1" 218 32 33 
Rman 72 83 199 238 41 25 
To complement the MNIs derived from the most represented jaw, Table 7.2.5 presents 
MNIs derived from the most represented distal humeri and proximal femora (left or 
right). The relatively durable distal end of the humerus and the proximal end of the 
femur (e.g. Andrews 1990a), of which it is fairly easy to separate the left from the 
right, were used to obtain the MNIs. 
Looking at the MNIs derived from the long bones presented in Table 7.2.5, it is very 
clear that in all the samples, murids yielded the highest MNIs. The results further 
show that the Upper Slope yielded the highest MNIs for both murids and soricids, 
followed by the Down Slope. 
Table 7.1.5: Minimum numbers of murlds and sorieids (in bold) based on humeri and femon. 
Skeletal Down Slope Upper Slope Hanging Remnant 
element Murlds Sorlelds Murlds Sorlelds Murads Sorlelda 
It. distal humeri 109 37 215 80 33 20 
Rt. distal humeri 133 31 194 65 49 14 
Lt. proximal femora 99 23 258 61 58 14 
Rt. proximal femora 92 30 214 72 42 14 
Comparing the MNIs derived from the jaws and those obtained from the long bones 
(Tables 7.2.4 and 7.2.5, respectively), it may clearly be seen that murid MNIs are 
greater than those of the soricids when long bones are considered, whereas the soricid 
MNIs are generally higher than those of the murids when jaws are considered. 
Overall, among the three sampled areas, the Hanging Remnant yielded the lowest 
MNIs. 
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7.3 Breakage patterns of the skulls 
As reported in Chapter Six, breakage of the crania was investigated separately for the 
murids and soricids. Tables 7.3.1 and 7.3.2 record the breakage patterns of the murid 
and soricid :maxillae respectively. N is the nwnber of skeletal elements in each 
category, and percentage (%) is calculated against the total of each category. These 
results are further illustrated in Figure 7.3.1 for the murids and Figure 7.3.2 for the 
soricids. 
Table 7.3.1: Breakage patteI'D of murid meDllae. 
Breakage Down Slope Upper Slope Hanging Remnant 
Category N % N % N % 
1 35 20.5 91 29.2 12 19.0 
2 6 3.51 7 2.24 1 1.6 
3 82 48.0 151 48.4 26 41.3 
4 48 28.1 63 20.2 24 38.1 
TOTAL 111 312 63 
Table 7.3.2: Breakage pattems of sorieid meDllae. 
Breakage Down Slope Upper Slope Hanging Remnant 
Category N % N % N % 
1 2 7.4 5 5.8 0 0 
2 0 0 4 4.7 0 0 
3 8 29.6 21 24.4 2 66.7 
4 17 63.0 56 65.1 1 33.3 
TOTAL 21 86 3 
The amplified results in Figure 7.3.1 show a very interesting trend. Although the 
percentage of Category 1 murid maxill.ae is higher in the Upper Slope, the percentages 
of this category are generally high in all the sampled areas. The results in Figure 7.3.1 
further show that percentages of Category 4 murid :maxillae are generally high in the 
three samples, but higher in the Hanging Remnant. Of interest to note are the 
relatively high percentages of Category 3 maxill.ae, as wen as the minimal disparity in 
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the percentages of this category between the Down Slope and the Upper SLpe. In all 
the sampled areas, percentages of Category 2 maxillae are the Lwest. Overall, the 
Upper Slope yielded the highest percentage of Category 1 as well as the lowest 
percentage ofCategor)' 4 murid maxillae. 
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Table 7.3.2 indicates that the proportions of soricid maxillae are very low especially 
in the Hanging Remnant. The clearly exemplified results in Figure 7.3.2 above show 
that there is high incidence of breakage among the soricid maxillae, as suggested by 
the relatively low percentages of Categories 1 and 2 maxillae. The high incidence of 
breakage among th: soricid maxillae is further suggested by the high percentages of 
CategoT)' 4 maxillae, especially in the i)own Slope and the Upper Supe samples. 
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Comparing the nrurids and soricids (Figures 7.3.1 and 7.3.2 respectively), the results 
show that the former yielded a higher percentage of Category I maxillae. 
Tabks 7.3.3 and 7.3.4 record the breakage patterns of both murid and soricid 
mandibles respectively. These patterns are further <kmoll5trated in Figures 7.3.3 and 
7.3.4. 
Table 7.3.3: Breakage pattern. ofmurid mandible .. 
Breakage Down Slope Upper Slope Hanging Remnant 
Category , % , % , % 
, , 0.76 
" 
'.56 3 4.0 
, 
" 
9.85 eo 15.1 9 12.0 
3 
" 
9. , 45 "3 
" 
14.7 
4 
"" 
SO.3 
'" 
65.0 
" 
69.3 
TOTAL 
'" '" " 
Tabl~ 7.3.4: "~akage part~rn. of ... ridd mandible .. 
Breakage Down Slope Upper Slope Hanging RiHTInant 
Category , % , ., , % 
, , 4.73 
" 
19.7 5 83 
, , 4.73 
'" 
".0 8 10.0 , 
" 
17.6 
" 
17.1 
" "" 4 99 67.0 
'" 
32..6 
" 
33.3 
5 9 
" 
40 "4 , 10.0 
TOTAL ". "" 
80 
Figure 7.3.3 shows that the Upper Slope yielded a higher percentage of Category 1 
murid mandibles than the other samples. This phenomenon has also been observed 
among the maxillae 10 Figure 7.3.1. It is also evident in Figure 7.3.3 that the Upper 
Slope yielded the highest pereentage of Category 2 murid mandibles. Although the 
percentages of Category 4 murid mandibles are generally high in the three samples, 
Figure 7.3.3 suggests that there has been a higher destruction of mandibles in the 
Down Slope sample, as indicated by the relatively low percentage of Category 1 
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mandibles and the very high percentage of Category 4 mandibles. There are minimal 
differences in the percentages of Category 3 murk! mandibleR among the tJu-ee SBYC 
faunal samples. 
~~ 
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Figure 7.3.3: Relative ~omplctcn .... oflbe murid mandible, 
Figure 7.3.4 shows that there are higher percentageR of soricid Categories I and 2 
mandibleR in the Upper Slope than in the other samples. This phenom::non has also 
been observed among the mnrid mandibles (Figure 7.3.3). Of interest to note among 
the soricid mandibles (Figure 7.3.4) are the generally low percentages of Category 5 
mandibles in all the SllJI1)les, and the relatively high percentage of Category 4 
mandibles in the Down Slope. 
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7.4 Incisor etching 
Table 7.4.1 details etching among the nmrid lowcr and upper i~olated incisors. Table 
7.-1.2 reports on etching among ;n .\';111 murid )ower and upper illC iso~ . The re~ ult~ li,r 
the relati vely abundant )ower and upper i~olated illCi~or~ are clearly il l u~tmted in 
Figllre ~ 7.4.1 and 7.4.2 re~peclively. 
r.bl< 7.4.1: E!ob;"g ofmurid ;,onted i"oi,.,.., _ 
Etching 
Category 
Down Siope 
N 'I, 
Upper Siope 
, , 
Hanging Remnant 
, % 
Lower incisors 
, 
" 
54 7 ,,; 27.6 , 16.0 
, 
'" 
34.7 '"0 
'" " 
79.5 
, 
" 
10.6 
" 
15.6 , 
" , C C 0 0 0 0 
, C 0 0 0 0 0 
TOTAL 
'" '" " 
Upper incisors 
, ;; 33.0 W 25.0 
" 
250 
, 
" '" "" 
~, 
" 
70.0 
, 
" 
'0 
" 
6.81 , 
" " , 0 0 0 0 0 0 
, 0 0 0 0 0 0 
TOTAL 
'" '" " 
,--;r::1~~::·---·'·"·-·'-----1 1_.- [):own 
g 60 I~ I " "'" 
I B!~ ------ll -· -;r::; , ~ 30 20 H<lrllJi nll 
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~-iK" .. 7.4.1: £!okltl: .mong ;,%ud Io".r indsor, 
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The lllOst obvious observation in Figures 7.4.1 and 7.4.2 is the absence in all the 
samples of Categories 4 and 5 incisors, whieh following Andrews (l990a) represent 
high levels of etching. In Figures 7.4.1 and 7.4.2, the results clearly show that the 
percentages of Category 1 incisors are generally higher among the lower incisors. 
Among the three sampled areas, the Down Slope yielded the highest percentage of 
Category I lower isolated incisors. Generally, there arc high percentages of Category 
2 isolated incisors, the highest coming from the Hanging Remnant. TIle resuhs further 
smw thai the percentages of Category 3 incisors arc generally low for both lower and 
upper isolated incisors. 
I 
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I. 1 2 3 4 Etching categories 
Figure 7.4.2: Ekhing amon~ ;"olated upper ind.ors 
Although the counts for in Silu incisors arc quite low, the results in Table 7.4.2 
indicate that there are no Categories 4 and 5 in situ incisors in the SBYC samples. The 
results also show that the percentages of Category I incisors are relatively lower 
among the lower incisors. Conversely. the percentages of Category 2 in Silu incisors 
are quiet high among the lower incisors. 
Table 7.4.2 further suggests that there arc higher proportioll'l oflower than upper in 
situ incisors. In all the sampled areas and for all incisors, the percentages of Category 
3 incisors are very low. Overall, etching in the SBYC incisors is minimal, as indicated 
by the percentages of Categories 1 and 2 incisors. Following t\ndrews (I990a), 
Appendix 4.2 further elucidates the categories of incisor etching resulting from 
different predators. 
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T ~ble 7.4.2: Etching of murid in Jitu incisor .. 
Etching Down Slope Upper Slope Hanging Remnant 
Categnry N % N '0 N % 
Lower Incisors 
, , 18.2. 
" 
16.2. 0 0 
, 8 72..7 
" 
78.4 
" 
87.5 
, , 8 , , 5.41 , 12..5 
, 0 0 0 0 0 0 
, 0 0 0 0 0 0 
TOTAL 
" " " 
Upper Incisors 
, , 
" 
, 43.8 , 2.5.0 
, 0 0 8 50.0 , 75.0 
, 0 0 , 6.2.5 0 0 
, 0 0 0 0 0 0 
, 0 0 0 0 0 0 
TOTAL , 
" " 
[t is important to point out that among the incisor fragments that were not investigated 
for etching, there are some incisor fragments in which the dentine has completely 
been removed. leaving behind the relatively thin enamel According to D. M. Avery 
(pers. corum., 2002), this appears to have resulted from mechanical breakage. 
7.5 Breakage patterns oftbe long bones 
Table 7.5.1 presents the breakage patterns for murid and soricid humeri. N is the 
number of skeletal elements in each category. and percentage (%) is calculated 
against the total of each category. The breakage patterns are amplified in Figures 7.5.1 
and 7.5.2. 
As shovm in Figure 7.5.1, the Upper Slope yielded the highest percentage of complete 
murid hurneri. Of interest to note is the minimal difference in the percentage~ of 
complete humeri between the Down Slope and the Hanging Remnant, and also the 
reduced difference in the percentages between complete and proximal humeri in the 
Dov.-n Slope. The results further show that the Hanging Remnant yielded the highest 
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percentage of proximal murid humeri. Although there are high percentages of distal 
humeri in the three samples. the Down Slope sample yielded the highest percentage. 
The minimal dilTerence in the percentages of distal humeri between the Upper Slope 
and Hanging Remnant may also Ix observed. 
Table 7 . .5.1: Br~akage panoro. of murld and ",ridd humeri. 
Murid 
Complete 
Proximal 
Shaft 
Distal 
TOTAL 
Soricid 
Complete 
Proximal 
Shaft 
Distal 
TOTAL 
Down Slope 
N 
" 
" 
" 
"'" 295 
33 
" , 
" 
" 
eo 
" 
" !l. 50 1 :~ ~ ~ ~ 
% 
14.2 
13.6 
4.41 
67.8 
35.9 
21.7 
..,., 
OS, 
" ' "--" -.-
. 
Upper Slope 
N % 
'" 
19.6 
89 17.1 
" " 308 59.2 
'" 
" 
49.4 
29 16.3 
, 2.25 
" 
32.0 
'" 
~· · r 
~ 
" 
" , 
, ~ ~~ 
-----
,,,.- -
",",,",0 _M ~, ~., 
Hanging Remnant 
N % 
" 
14.5 
" 
21.8 
, 3.6< 
'" 
eM 
'" 
" 
43.8 
1< 29.2 
, , 
" 
27.1 
..
~- ! 
'''''' ....._.Upper 
'''''' I Hangjng 
Rerman] 
rignre 7.~.1, R~I.livc completeness of Ibc mnrid bumeri 
Figure 7.5.2 shows that the percentages of complete soricid humeri are quite high in 
all the sampled areas, but highest in the Upper Slope. The results further iOOicate that 
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the Hanging Remnant ydded tre highest percentage of proximal hurn::rL The Dov.n 
Slope sampk: yielded the highest percentage of distal hum::ri 
eo 
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'\, IL ""'" , 
" 
20 .. Hanging i 
,'" 
, 
" 
Rermant , 
- ----- -
, 
0 . .~-- , 
~ Prox .... 1 Sh. lt ~., 
---- - ---
Figure 7.~.2: Rel"ti .. campleln"", of the sorkid humeri 
Comparing Figures 7.5.1 and 7.5.2. it is interesting to mte that sorieids yielded the 
highest percentages of complete hum::ri as opposed to the relatively low percentages 
of the same among the murids. In both the murids and soricids, tre Hanging Rcnmant 
yielded the highest percentage of proximal hurn::rL The perccntages of hum::ri shafts 
arc quite low. In fact, tocrc arc m soricid humeri shafts in t ll: Hanging Remnant. 
Even though the percentages of distal hum:ri are high in both the murids and the 
soricids, the results soow that the murids yielded higher percentages of distal humeri 
than did the soricids. Of partieular interest to oote are the relatively higher 
percentages ofmurid and soricid distal humeri in the Down Slope. 
Tabk: 7.5.2 records the breakage panCrIlS for murid and soricid feIlDra. 1bese patterns 
are further illustrated in Figures 7.5.3 and 7.5.4 respectively. 
Figure 7.5.3 shows that the t:pper Slope yielded the highest percentage of oomplete 
nmrid femxa. Tocrc is minimal difiCrence in the percentages of complete feroora 
between the Down Slope and the Hanging Renmant. Of particular rotice in Figure 
7.5.3 are the relatively high percentages of proximal murid feIlDra, and especially in 
the Down Slope. The Hanging Remnant yielded the highest percentage of distal murid 
feroom. 
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Table 7.~.2, Urukage palterns "r murid and sorioid f~mora. 
Down Slope 
N % 
Murid 
Complete 
" 
8.16 
Proximal 
'" 
80.9 
Shaft 0 0 
Distal 
" 
11.0 
TOTAl 282 
Sor1cld 
Complete 
" 
25.5 
Proximal 33 70.9 
Shaft 0 0 
""" 
2 
'" TOTAL 
" 
Upper Slope 
N % 
'" 
19.7 
'" 
62.7 
" 
115 
" 
159 
on 
" 
m 
'" '''' 2
'" , 
'" 
'" 
Hanging Remnant 
N 
" 
" , 
33 
'" 
" 
" 0 
0 
" 
~""''' SI"" 
% 
7.25 
65.2 
'''' 23.9 
42.9 
51.1 
0 
0 
~-, 
SI"" 
Hanging 
Remnant ~~-= 
Figu", 7.5.3: RelUiv~ Cilmple'ene .. or the mnrid f.ma .... 
J'igure 7.5.4 clearly indicates that the percentages of complete soricid femora arc quite 
high. In fact, comparing the murids and the soricids, the latter yielded the highest 
percentages of complete femora. This phenomenon ha~ also been observed among the 
humeri (Figures 7.5.1 and 7.5.2). As Figure 7.5.4 furth:r shows, the [)Qwn Slope 
yielded the highest percentage of soricid proximal felIDra. as it did for nrurid 
proximal femora. 
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Figures 7.5.3 and 7.5.4 dearly show that the percentages of shafts are very low in all 
the sampled areas. Although the percentages of distal femora are quile low among the 
moods and the soricids, the former yielded slightly higher percentages than the latter. 
Overall, comparing the munds and the soricids, the latter show a greater index of 
completeness in both the humeri and femora 
Table 7.5.3 reports on the breakage patterns ofthe tibiae and ulnae. These patterns are 
clearly shovm in Figures 7.5.5 and 7.5.6. 
Tabl. 7.5.3: Breakago pattern. of the indctrrminak micl'OlIIlImmalin u1nae ... d tibia. 
from save. 
Skeletal 
element 
Ulna 
Complete 
Proximal 
Shaft 
Distal 
TOTAL 
Tibia 
Complete 
PrOXimal 
Shaft 
[);slal 
TOTAL 
Down Slope 
, % 
9 3.78 
'''' 
92.4 
9 3.78 
0 0 
'" 
, 1.32 
n 19.0 
'" 
35.1 
'" 
44.8 
'" 
Upper Slope 
, % 
" 
1.3 
", ea.1 
87 10.3 
3 0.35 
... 
" 
'.56 
'''' 
24.1 
'" 
306 
'" '" 10" 
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Hanging Remnant 
, % 
8 8.8 
103 87.3 
, 5.93 
0 0 
118 
3 1.n 
34 19.5 
" 
282 
ea 50.6 
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The results in Figure 7.5.5 indicate that the proportions of complete ulnae are quite 
low in all the sampled areas. The resuhs further show that. except for minimal 
differences in the percentages of proximal ulnae. the percentages are generally high in 
all the sampled areas. Interestingly, as also observed earlier among the murid and 
soricid proximal long bones (humeri and femora), the Down Slope yielded the highest 
percentage of proximal ulnae, which by nature is sturdy (e.g. Andrews 199(Ja). On the 
other hand. the very low perceaages of ulnae shafts and distal ends are evident in 
Figure 7.5.5. In fact, there are no distal uInae in the Down Slope and the Hanging 
Remnant, and the perrentage of distal u1nae in the Upper Slope is negligible. 
~ 
t 00 
:~ f-· ~~ ~ ~ , - ----'-" -
70 ~ --- .. _-- ~ ~-
" 
'" --- $I"" 
" 
_____ Upper 
40 
.' 
~- $I"" 
30 I ~ ~ , Hanging 
20 !------. - ---
" ""'-
Remnant 
10 ~ ~---.---
o L .• ___ ·_ 
-
~-, --, ,~, ~"' 
-~ 
, Figu~ 7.~.5. Kelat",., completon ... of the ulnae 
Figure 7.5.6 displays a very interesting trend in the breakage of the tibiae. In all the 
three samples. the percentages of complete tibiae are the lowest. After the complete 
tibiae, the proximal tibiae are next with the second lowest percentages. The results 
further ind~ate that the percentages of distal tibiae and tibia shafts (in that order) are 
the highest in the three samples, Although the Hanging Remnant yielded the highest 
percentage of distal tibiae, it is interesling to observe the relatively high percentage of 
distal tibiae in the Down Slope. Among the three sampled areas, the Down Slope has 
continued to yield relatively high percentages of the portions of limb bones that are by 
nature srnrdy. Interestingly, the Down Slope yielded the highest percentage of tibia 
shafts. The high percentages of shalts evident among the tibiae have not been 
observed in the other long bones, 
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7.6 Breakage patterns of other post-cranial bones 
As detailed in Table 7.6.1, the percentages of proximal scapulae are quite high in all 
the SBYC faunal samples. Although the Hanging Remnant yielded the highest 
percentage of proximal scapulae, generally there are DO remarkable differences in the 
percerrtages of proximal scapulae among the three samples. On the other hand, even 
though the pc:rceiI:ages of complete scapulae are low in all the samples. the Down 
Slope yielded a higher percentage. With regard to the innominates, the percentages of 
innominate fragmerrts are very high in all the sampled areas. In fact, there are no 
complete irmominates in the Hanging Remnant. 
T abl. 7.6.1' Bl'Nkage patter ... of scapulae and Inoommat ... 
Scapul. 
Complete 
Proximal 
TOTAL 
Innominalfl 
Complete 
Fragmenls 
TOTAL 
Down Slope 
N % 
" 
" 
" 
, 
'" ". 
23.6 
'" 
" 97.3 
Upper Slope 
N ., 
" '" 15' 51' 
'" 
" 
,., 
m 95.7 
'" 
95 
Hanging Remnant 
N % 
, 
" 
" 
, 
" 
" 
16.0 
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7.7 Epiphyseal fusion in the long bones 
Tables 7.7.1 and 7.7.2 detail epiphyseal fusion for humeri and femora belonging to 
the murids and soricids respectively. In these two tables, it is important to point out 
that one long bone may be represented twice, depending on whether both the proximal 
and distal ends are joined. Table 7.7.3 presents the total number of loose epiphyses 
belonging to the two long bones investigated for epiphyseal fusion. 
From Table 7.7.1. all murid distal humeri in the three sampled areas are fused. On the 
other hand, there are relatively high proportions of murid humeri with proximal ends 
not fused. It is interesting noting the minimal disparities in the percentages of unfused 
proximal humeri among the three samples. Although the percentages of fused 
proximal femora are fi:Urly high, the results show much higher percentages of unfused 
proximal femora in the three samples. The very high percentages of unfused distal 
femora may also be noted in Table 7.7.1. Conversely, there are very low percentages 
of fused distal femora across the three samples. 
Table 7.7.1: State ofmsioD of the muid humeri aDd femon. 
Skeletal 
element 
Humerus 
Proximal fused 
Proximal unfused 
TOTAL 
Distal fused 
Distal unfused 
TOTAL 
Femur 
Proximal fused 
Proximal unfused 
TOTAL 
Distal fused 
Distal unfused 
TOTAL 
Down Slope Upper Slope 
N % N % 
3 4.0 11 6.0 
79 96.0 180 94.0 
82 191 
160 100.0 360 100.0 
0 0 0 0 
160 360 
54 24.0 114 26.0 
168 76.0 321 74.0 
m 435 
4 7.0 7 2.0 
50 93.0 290 98.0 
54 297 
96 
Hanging Remnant 
N % 
2 5.0 
38 95.0 
40 
62 100.0 
0 0 
62 
29 30.0 
67 70.0 
96 
4 9.0 
39 91.0 
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As may be seen in Table 7.7.2, all soricid humeri are fused on the distal end. In all the 
samples, there are fairly high proportions of proximal humeri that are not fused. 
Comparing the murids and the soricids, the results indicate that the proportions of 
fused proximal humeri are much higher among the latter. Table 7.7.2 further shows 
that except for a negliglble percentage in the Hanging Remnant, all soricid proximal 
femora are fused. This phenomenon has not been observed among the murid proximal 
femora. Unlike the relatively low percentages of fused distal femora, the percentages 
of unfused soricid distal femora are quite high in all the three samples especially in 
the Hanging Remnant. This phenomenon has also been observed among the murid 
distal femora. 
Table 7.7.2: State of fusion of the sorieid humeri and femon. 
Skeletal Down Slope Upper Slope Hanging Remnant 
element N % N % N % 
Humerus 
Proximal fused 17 33.0 45 41.3 10 29.4 
Proximal unfused 34 67.0 64 58.7 24 70.6 
TOTAL 51 109 34 
Distal fused 64 100.0 179 100.0 34 100.0 
Distal unfused 0 0 0 0 0 0 
TOTAL 64 179 34 
Femur 
Proximal fused 52 100.0 128 100.0 23 96.0 
Proximal unfused 0 0 0 0 1 4.0 
TOTAL 52 128 24 
Distal fused 4 25.0 16 22.0 1 8.0 
Distal unfused 12 75.0 57 78.0 11 92.0 
TOTAL 16 73 12 
The results on loose epiphyses recorded in Table 7.7.3 indicate that there are very 
high percentages of loose epiphyses from the proximal end of the humerus. There are 
quite high percentages of loose epiphyses from the distal end of the femur particularly 
in the Down Slope and the Upper Slope. The proportions of loose epiphyses from the 
proximal end of the femur are also substantial. 
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Table 7.7.3: Loose mieromammalian lonl bone epiphyses from SBye. 
Skeletal Down Slope Upper Slope Hanging Remnant 
element N % N % N % 
Humerue 
Proximal 145 100.0 144 100.0 55 100.0 
Distal 0 0 0 0 0 0 
TOTAl 145 144 55 
Femur 
Proximal 80 32.8 153 33.8 26 42.6 
Distal 164 67.2 299 66.2 35 57.4 
TOTAl 244 452 61 
7.8 Relative proportions of skeletal elements 
Table 7.8.1 reports on the relative proportions of both murid and soricid skeletal 
elements. 
Table 7.S.1: Relative proportiOD ofmmid and sodead skeletal elements. 
Munde Sonelde 
Total No. Total No. % Total No. Total No. % 
of mandibles of femora f!!Dur + hyml!Y!i! of mandibles of femora f!l!!yr + hyml!Yl 
& maxillae & humeri mandible + maxilla & maxillae & humeri mandible + maxilla 
Down 303 577 190.4 175 147 84.0 
Slope 
Upper 709 1093 154.2 549 319 58.0 
Slope 
Hanging 138 248 180.0 63 76 121.0 
Remnant 
The results in Table 7.8.1 show that among the murids, there are excess femora and 
humeri relative to mandlbles and maxillae in the three samples, and this phenomenon 
is more salient in the Down Slope and the Hanging Renmant. Among the soricids, the 
relative proportions of femora and humeri to mandtbles and maxillae are lower in 
both the Down Slope and the Upper Slope, with the latter sample showing the least 
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percentage. On the other hand, the Hanging Remnant shows high proportions of 
soricid humeri and femora relative to mandibles and maxillae. 
Tables 7.8.2 and 7.8.3 show relative proportions of cranial to post-cranial elements. In 
these tables, all skeletal elements have been treated as micromammalian remains 
without separating the munds and the soricids. 
From Table 7.8.2, it is apparent that the relative proportions of femora and humeri to 
mandibles and maxillae are quite high in the three sampled areas. This phenomenon 
is, however, more pronounced in both the Down Slope and the Hanging Remnant. 
Interestingly, although the Upper Slope yielded the highest numbers of femora and 
humeri, the relative proportion of these elements to the mandIbles and maxillae is 
lower than in the other samples. In both the Down Slope and the Hanging Remnant, 
the relative proportions of tibiae and ulnae to femora and humeri are fairly low. 
Conversely, there are excess tibiae and ulnae relative to femora and humeri in the 
Upper Slope. 
Table 7.S.2: Relative proportions ohkeletal elements. 
Sampled Total No. Total No. Total No. % % 
aNa of mandibles of femora of tibiae femyr + hum!ml§ !ibi§ + ylD§ 
& maxillae & humeri & ulnae mandible + maxilla femur + humerus 
Down 478 724 617 151.5 85.2 
Slope 
Upper 1258 1412 1900 112.2 134.6 
Slope 
Hanging 201 324 292 161.2 90.1 
Remnant 
From Table 7.8.3, it may be observed that the proportions of post-cranial relative to 
cranial elements are low. It is interesting to note the simi1ar proportions in both the 
Down Slope and the Upper Slope. As the results further show, the index for relative 
proportion of post-cranial to cranial elements is greater in the Hanging Remnant than 
in both the Down Slope and the Upper Slope. 
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Table 7.1.3: Relative proportiou ofpost-c:nDia to cnaia. 
Sampled Total No. Total No. Total No. Total No. % 
area of mandibles of isolated of femora of tibiae TQ1al No. Qf hYmeri + ylnae + femQ!! + libil! 
& maxillae molars & humeri & ulnae Total No. maxillae + mandibles + isolated molars 
Down 478 1258 724 617 77.2 
Slope 
Upper 1258 3061 1412 1900 76.7 
Slope 
Hanging 201 510 324 292 86.6 
Remnant 
7.9 Non-micromammatian species at SBYC 
Besides the micromammaJian species, non-micromamma1ian species are also 
represented in the SBYC faunal samples. These include, Reptilia (snakes), Amphibia 
(frogs), Pisces (fish) and Aves (birds). 
Table 7.9.1: NOD-micromammaUan faWUl nc:overed from 
the SBYC faWUlI samples. 
Skeletal Amphibia Aves Pisces ReptIlia 
element N N N N 
Humeri 61 35 
Ulnae 54 35 
Femora 1 10 
Tibiae 3 
Vertebrae 42 18 28 192 
Phalanges 77 
The results in Table 7.9.1 show that there is a considerable representation of 
amphibians. Following (Klein and Cruz-Uribe 1984), 61 humeri would account for a 
MNI of at least 31. Aves as well are reasonably well represented at SBYC, as 35 
ulnae would account for a MNI of at least 18. 
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CHAPTER EIGHT 
Discussion 
8.1 Introduction 
The analysis of the SBYC micromammalian muna yielded some interesting observations 
that will form the basis of this chapter. Although there are some differences among the 
three samples, the depositional contexts (see Figures 6.2.1 and 6.2.3) and patterning of 
the three samples strongly suggest that the muna in both the Upper Slope and Down 
Slope originated ftom down-slope movement of the muna in the Hanging Remnant. The 
Hanging Remnant, because of its partially cemented nature, appears to be in situ. In 
testing the hypothesis on whether or not the SBYC munal samples belong to one parent 
population, comparisons win be made between different aspects of the samples. This will 
include skeletal representation and breakage patterns among the three samples (e.g. Klein 
and Cruz-Uribe 1984). Besides shedding light on species diversity in the SBYC 
micromammalian muna, the species represented in the munal samples will also be used to 
test the suggestion that the three SBYC samples represent one munal occurrence that has 
been re-distributed across the site by natural taphonomic processes other than the primary 
agentls of accumulation (e.g. Andrews 1990a). Based on taphonomic metors such as 
breakage patterns and ecological metors such as species representation in the SBYC 
fiwna, the predator Is that may have been responsible for the fiwnal accumulation will be 
inferred (e.g. Matthews 1999). The species represented in the firuna will further be used 
to interpret the microhabitats in the SBYC area some 15, 000 years ago. 
8.2 Number of identified specimens (NISPs) 
In all, 32,197 micromammalian skeletal elements (NISPs) have been investigated ftom a 
variety of perspectives. Among the three sampled areas, the Upper Slope yielded 
generally high proportions of skeletal elements. Even though the sediments sample ftom 
the Upper Slope is larger relative to those :from the Down Slope and the Hanging 
Remnant (see Table 8.2.1), the very high NISPs ftom the Upper Slope sample strongly 
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suggest a higher faunal density in that part of the site. The higher faunal density in the 
Upper Slope is confirmed by the 10 NISPs for each gram of coarse material sorted, as 
compared with approximately 2 and 5 NISPs from the Hanging Remnant and Down 
Slope respectively. 
Table 8.2.1: Mass in grams ofunsorted tine sediments (1) from 1.5 mm 
flour sieve and of eoane sediments sorted for microfauna (2), total NISPs 
derived from the sediments (3) aud approximate NISPs for each gram 
of sorted eoane sediments (4). 
Down Slope Upper Slope Hanging Remnant 
1 2307.4 5082.6 2378.3 
2 1588.6 2109.2 1737.3 
3 7641 21530 3026 
4 5 10 2 
The higher density of faunal remains in the Upper Slope relative to the other sampled 
areas is further confirmed by chi-squared ~) tests on the distribution of different 
skeletal elements. The tests show generally higher proportions of observed relative to the 
expected nwnbers of skeletal elements in the Upper Slope, as opposed to the generally 
lower nwnbers of observed relative to the expected numbers of skeletal elements in both 
the Down Slope and Hanging Remnant (see e.g. Appendices 5.1.1-4 and 5.2.1). 
As Table 7.1.1 clearly shows, the percentages of isolated molars, foot bones and 
vertebrae are generally high in the three samples. Although there are minor differences 
among the SBYC samples, the high percentages of phalanges, metapodials and vertebrae 
in all the samples may be attributed to a range of metors. While there are large numbers 
of these bones in the body, their frequent preservation in the SBYC samples is a feature 
of bam owl collections (e.g. Dodson and Wexlar 1979; Korth 1979). In addition, it has 
been noted (Korth 1979; Behrensmeyer et al. 1989) that the durability of foot bones 
enables them to survive many taphonomic processes, including abrasion during transport. 
With regard to the high percentages of isolated molars in the SBYC samples, this 
phenomenon may be ascribed to the loss of teeth "from the jaws as a result of post-
depositional breakage of the jaws (e.g. Andrews 1990a). Overall, the generally consistent 
percentages ofNISPs across the three sampled areas and, more particularly those of the 
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four most abundant skeletal elements (isolated molars, vertebrae, phalanges and 
metapodials) support the suggestion that the three SBYC samples represent one fiwnal 
occurrence. 
8.3 Damage to the skuD 
8.3.1 Breakage ofthe cnnia 
There seems to be high breakage of murid crania at SBYC. This is clearly demonstrated 
by the absence in all the samples of murid maxillae or maxilla fragments that are still 
attached to the cranium. Similarly, the paucity in all the samples of cranial fragments that 
could certainly be associated with a particular taxonomic group further confirms the high 
degree of cranial breakage in the SBYC fauna. This agrees with observations by Dodson 
and Wexlar (1979) as well as Andrews (1990a) that complete skulls of small mammals 
rarely occur in predator assemblages. This is essentially because the most common way 
of killing prey is by breaking the neck and piercing through the back of the skull (Dodson 
and Wexlar 1979). Additionally, Korth (1979) has also noted that post-depositional 
processes such as hydraulic transport easily destroy the skull. In view of this, it may be 
concluded that damage resulting from post-depositional processes has exacerbated 
predator-induced modifications, resulting in severe breakage of the crania at SBYC. 
Even though the SBYC samples yielded fairly high percentages of complete murid 
maxillae and generally maxillae with a portion of the zygomatic process still intact, murid 
maxillae breakage among the samples is generally high. Because Andrews' (1990a) 
modern predator assemblages show generally high proportions of complete maxillae and 
maxillae with the zygomatic process intact (see Appendix 4.1), the relatively lower 
proportions of these maxillae in the SBYC samples suggests that post-depositional 
processes have also contributed towards the damage of the SBYC maxillae. The higher 
percentage of murid maxilla fragments in the Hanging Remnant relative to the other 
sampled areas sUQests a greater breakage ofmurid maxillae in this sample. It is possible 
that the use of dental picks to extract sediment samples from the Hanging Remnant may 
have partially contributed towards the higher breakage of not only the maxillae in this 
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sample, but also other skeletal elements. Comparing the Down Slope and Upper Slope, 
the relatively higher breakage ofmurld maxillae in the former sample is suggested by the 
lower percentage of complete maxillae as weB as the higher percentage of maxiUae 
fragments. It is conceivable that down-slope movement of the maxiUae would have 
partially contributed towards the higher breakage evident in the Down Slope sample. The 
relatively high percentages of murld maxiUae with a portion of the zygomatic process 
still intact in all the SBYC samples, nevertheless, support the suggestion that the 
zygomatic process is one of the most durable parts of the skull (e.g. Andrews 1990a). It 
is, however, important to point out that since Totero ofro yielded the highest number of 
maxillae (see Appendix 3), the results obtained from the breakage patterns may have 
been significantly influenced by this dominant species (e.g. Avery 1999). 
Although there are a few complete soricid maxillae (see Table 7.3.2), the much higher 
breakage ofsoricid cmma in all the samples as compared to those of the murlds, probably 
reflects the more delicate nature ofsoricid skulls (pers. obsetv.). At this stage, although 
there is no clear explanation for the low proportions of soricid maxillae in the Hanging 
Remnant, it is plausible that both predator-induced breakage and breakage resulting from 
post-depositional processes (including recovery procedures) would have adversely 
contributed towards this phenomenon. Because of the fragility of soricid maxillae, the 
lower proportions of these jaws in the Down Slope relative to the Upper Slope may also 
be explained by the greater distance of the former from the presumed source in the 
Hanging Remnant. 
8.3.2 Breakage of the mandibles 
Because the morphology of mandibles makes them less susceptible to damage, mandibles 
tend to be commonly preserved in predator assemblages (e.g. Dodson and Wexlar 1979; 
Andrews 1990a). In the SBYC fuunal samples, the low percentages of complete murid 
mandibles, together with the generally high percentages of mandible fragments, 
especially in the Down Slope, suggests that post-depositional m.ctors have compounded 
the etrect of predator-induced processes to significantly influence the number of 
complete mood mandibles. It has been shown (Andrews and Jenkins 2000) that post-
104 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
depositional processes may cause extensive breakage to mandibles. It should, however, 
be noted that mandible breakage patterns may vary from one species to another (e.g. 
Korth 1979). In all the SBYC samples, mandibles belonging to the most common murid, 
Tatera afra, are not only abundant (see Appendix 3) but are also generally wen 
preserved. This is largely because these mandibles are big and robust (D. M. Avery, pers. 
comm., 2002). Overall, unlike in the modem predator assemblages (Appendix 4.1), there 
are relatively low proportions of complete murid mandibles in the SBYC faunal samples 
and generally high percentages of murid mandibles of which the ascending rami are 
missing or broken, which further confinns the higher breakage of the SBYC murid 
mandibles. 
The occurrence of generally high proportions of soricid mandibles in all the SBYC 
samples agrees with Andrews' (1990a: 57) postulation that because of the morphology of 
insectivore mandibles, these jaws tend to be more common in predator assemblages. 
Nevertheless, although there are fairly high percentages of complete or nearly complete 
soricid mandibles, especially in the Upper Slope, the effect of predator and post-
depositional breakage on the soricid mandibles is suggested by the relatively high 
percentages of Category 4 mandibles, especially in the Down Slope, and the firirly high 
percentages of Category 5 mandibles in all the samples. 
By and large, the percentages of different elements of the skull in the three SBYC faunal 
samples point to a relatively high breakage of the skull. Following Andrews (1990a) and 
Femandez-Jalvo (1995), the high breakage of the skull has largely contributed towards 
the high proportions of isolated molars in all the SBYC faunal samples. It is also likely 
that the high breakage of the skulls may have resulted in the loss of cranial elements (e.g. 
Andrews 1990a). In view of the breakage patterns among murid mandibles, the down-
slope movement may have contributed towards the much higher proportion of mandible 
fragments as well as the very low proportion of complete mandibles in the Down Slope. 
Similarly, among the soricid mandibles, the very low percentage of complete mandibles 
in the Down Slope and the much higher percentages of mandible portions (Categories 4 
and 5) indicate that there has been an increase in breakage as the jaws moved down slope, 
a proposition that has been confirmed by the gamma analyses. 
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Although the gamma analyses on both the mudd and the soricid maxillae suggest that 
there are no statistically discernible directional relationships between the position on the 
slope and the degree of breakage, the corresponding gamma analyses on both murld and 
soricid mandibles show statistically discernible evidence of directional (oIdinal) 
relationships between the position of the muna at the site and the degree of breakage (see 
Appendix 5.3.5). These statistically significant relationships indicate an increase in 
breakage as the bones erode down slope. As reported in Tables 7.3.3 and 7.3.4, the high 
proportions of both soricid and murld mandible fragments in the Upper Slope and Down 
Slope support the statistical evidence of increased breakage as the bones move down 
slope. Contrasts in the levels of breakage as the mum moved down slope are further 
suggested by the chi-squared (i!) tests. The chi-squared results (e.g. Appendices 5.1.1, 
5.2.1 and 5.3.1) show that although the proportions of the observed murid and soricid 
complete jaws relative to the expected are lower in both the Down Slope and the Hanging 
Remnant, the differences in the proportions are genemlly more pronounced in the fumer 
sample. Additionally, comparing the Down Slope and the Upper Slope, the chi-squared 
tests suggest higher breakage of the jaws as the fuuna moved down slope, as strongly 
indicated by the generally lower numbers of the observed relative to the expected 
Category 1 maxillae and mandibles in the fomer sample. The ovemll image reflected by 
the results on cranial elements is, therefure, that the SBYC munal samples belong to one 
parent assemblage and that taphonomic processes, including post-post-depositional 
processes (e.g. the down-slope movement) have not only contributed towards the current 
location of the muna along the slope but have also differentially modified the fauna. 
8.4 Etching of the incisors 
Examination of incisors for acid-etching strongly shows that in all the SBYC samples 
etching is minimal. This is indicated by the generally high percentages of Categories 1 
and 2 incisors. Although there are some differences in the percentages of etching among 
the three samples, the generally high percentages of incisors that show either no evidence 
of etching and/or pitting or very light etching and/or pitting imply that the predator/s 
responsible for the accumulation of the SBYC muna belonged to the lower etching 
categories (see Appendix 4.2). Moreover, because etching and/or pitting on the SBYC 
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incisors are not restricted to the tips of the incisors, post-depositional corrosion by the 
alkaline sediments at SBYC cannot be ruled out. This is because, unlike the localized 
effect of digestion, corrosion resulting from non-digestive processes such as alkaline 
sediments tends to affect all parts of the element (Andrews 1990a; Femandez-Jalvo and 
Andrews 1992). In addition, because the Hanging Remnant yielded higher percentages of 
incisors (isolated and in situ, lower and upper) that show light etching and/or pitting, it is 
likely that longer presence of the incisors in the partially cemented Hanging Remnant 
may have contributed towards this phenomenon. Since heavier digestion by predators 
such as the bam owl and giant eagle owl (Category I predators) may sometimes penetrate 
the dentine, the incisors in the SBYC samples in which etching has slightly infiltrated the 
dentine (Category 3) may have resulted from either digestion by such predators or from 
corrosion by sediments (e.g. Andrews 1990a; Femandez-lalvo and Andrews 1992). On 
the whole, the high percentages of Categories 1 and 2 incisors and the low percentages of 
Category 3 incisors in all the samples indicate minimal etching of the SBYC incisors. 
This phenomenon further strengthens the contention that the SBYC munal samples 
belong to one fu.unal accumulation that may have been accumulated by the same agentls 
and that the apparent differences in the percentages of etching may have resulted from 
factors such as the differential effect of predator-induced corrosion as well as post-
depositional processes. 
8.5 Post-cranial elements 
8.5.1 Breakage of the long bones 
As clearly illustrated in Figures 7.5.1-7.5.4, the analysis of breakage patterns among the 
humeri and the femora yielded some very interesting results. As further demonstrated in 
Figures 8.5.1 and 8.5.2, even though there are some differences in the percentages among 
the three SBYC samples, overall the soricids yielded higher proportions of complete 
humeri and femora than did the munds. Given that the munai remains at SBYC appear to 
have been subjected to generally similar taphonomic processes, the higher proportions of 
complete humeri and femora among the soricids relative to the munds suggest that there 
has been preferential preservation of the soricid proximal long bones. 
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Because the material in the Down Slope lies at the foot of the slope. the genemlly lower 
pelCentages of complete humeri and femora in this sample, especially among the soricids 
(Figures 8.5.1 and 8.5.2), suggest an increase in brcakage as the bones moved down 
slope. On the other hand. the higher percentages of distal humeri and proximal femora in 
the Dov.n Slope sample (Figures 8.5.3 and 8.5.4) should have been influenced by the 
durability of these portions of the long bones (e.g. Andfl:v.", 1990a; Andrews and Jenkins 
2000). 
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The generally low percentages of distal femora (see Figures 7.5.3 and 7.5.4) may have 
resulted from the preferential destruction oflha! part of the bone. Dod~n and Wexlar 
(1979) have reported that as a result of predator activity. the distal end ofthe femur tends 
to sustain damage. It is therefore apparent that, beside, the modifications to the long 
bones that would have resulted from the predatorls or other modes through which the 
SBYC fuuna may have been accumulated. both post-depositional processes (e .g. 
diagene,i,) and post-poSl-depositional factors (e.g. erosion) have influenced the breakage 
pattern> ofthe long bones. Additionall)', It is evident that survival 01'001 only down-slope 
movement blll also the preceding taphonomic processes such as predator-induced 
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breakage :favoured the more robust and therefore durable skeletal elements (i.e. distal 
humerus and proximal femur). 
The chi-squared tests of the murid and soricid humeri (Appendices 5.4.1 and 5.5.1) 
indicate that there are no statistically discernible correlations between position on the 
slope and the types of bone (complete, proximal, shaft or distal) commonly represented 
there. Conversely, the tests of the murid and soricid femora (Appendices 5.6.1 and 5.7.1) 
show high statistical evidence of correlation between position on the slope and the types 
of bone highly represented there. As an example, the higher than expected numbers of 
complete murid femora in the Upper Slope and the lower than expected numbers in the 
Down Slope illustrate this relationship (see Appendix 5.6.1). In sum, the chi-squared tests 
for both murids and soricids show generally lower numbers of observed relative to the 
expected complete humeri and femora in the Down Slope. In addition, the chi-squared 
tests show higher numbers of observed relative to the expected distal humeri and 
proximal femora (sturdy ends of the bones) in the same sample (see e.g. Appendices 
5.4.1-2 and 5.5.1-2). Figures 8.5.1 and 8.5.2 clearly demonstrate the low percentages of 
soricid complete humeri and femora in the Down Slope. These observations agree with 
the suggestions that there has been an increase in breakage as the :fauna moved down 
slope and also that there has been a selective bias fur the more durable elements. The 
generally lower numbers of observed relative to the expected complete humeri and 
femora in the Hanging Remnant, on the other hand, may be attributed to a range of 
:factors, including the poor representation of skeletal elements that characterizes this 
sampled unit (see e.g. Table 8.2.1). 
Although the percentages of complete ulnae and tibiae are very low in all the SBYC 
samples, the generally high percentages of proximal ulnae and distal tibiae indicate 
preferential preservation of these two ends of the bones. Among the three samples, the 
higher percentage of proximal ulnae and the fuirly high percentage of distal tibiae in the 
Down Slope provide further support for the hypothesis that there has been a selective bias 
for the more durable portions of the long bones in the Down Slope. With regard to the 
generally high proportions of proximal ulnae, this end of the bone fuses early in life and 
is therefore more durable (Andrews 1990a). On the other hand, the distal end of the ulna 
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tends to be more prone to damage by predators (through e.g. digestion) than the proximal 
end (Dodson and Wexlar 1979), which may explain the high percentages of proximal 
relative to distal ulnae in the three SBye fllunal samples. Andrews and Jenkins (2000) 
have also reported high proportions of distal tibiae from Mumbwa Caves, which agrees 
with the situation at SBye. 
Andrews (1990a) has noted that lower proportions of shafts in a munal assemblage may 
imply secondary breakage rather than predator-induced damage, which tends to yield 
relatively high proportions of shafts. This phenomenon tends to be more apparent among 
avian predators such as hen harriers, kestrels, little owls and also many of the small 
carnivorous mammals (Andrews 1990a). Following Andrews (1990a), although the filirly 
high percentages of tibia shafts in the SBye fauna contrasts with the very low 
proportions of shafts from the rest of the long bones, it is apparent that both predator and 
post-depositional destruction have influenced the SBye fauna The very low percentages 
of long bone shafts (except for the tibiae) in the SBye faunal samples correlate with 
results from the Dark Brown Breccia, Unit 12, at Westbury (Andrews 1990a) and from 
Elands Bay eave (Matthews 1998). Generally, comparing the breakage patterns in the 
SBye samples with the results from modem predator assemblages (Appendix 4.3), there 
seems to have been greater destruction of the long bones in the SBye samples. The 
patterns clearly indicate that both predator-induced and post-depositional processes have 
differentially influenced the breakage patterns among the SBye faunal samples, as 
demonstrated by the preferential preservation and/or destruction of elements such as 
proximal and distal humeri and femora 
8.5.1 Breakage of other post-eranial bones 
Although the scapulae show higher index of completeness than the innominates, the high 
percentages of scapula and innominate fragments indicate high incidence of breakage in 
these two bones. This could be associated with the effect of both predation and post-
depositional processes. Dodson and Wexlar (1979) have reported that, except for those 
accumulated by bam owls, most predator assemblages tend to yield scapulae and 
innominates that are badly damaged. Because of the relatively delicate nature of the 
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scapulae and the innominates (e.g. Dodson and Wexlar 1979), it has also been 
demonstrated (Korth 1979) that post-depositional processes such as transport easily 
abrade these bones. It may therefore be concluded that, in all the sampled areas, the effect 
of both predation and post-depositional processes on these bones has largely been 
influenced by their fragility. 
8.6 Epiphyseal fusion in the long bones 
The absence of distal humeri without epiphysis in both the murids and the soricids is 
ascribed to the early fusion of that part of the bone (e.g. Andrews 1990a). Bates and 
Harrison (1980), who have investigated epiphyseal fusion in wild mice (Apodemus 
sylvaticus) observed no unfused epiphyses on the distal end of the humerus, implying that 
this end of the bone fuses early in life. Although the percentages of fused and unfused 
humeri and femora suggest that both mature and young individuals are represented in the 
SBYC fuunal samples, the relatively higher proportions of unfused murid proximal 
humeri in all the samples indicate that a considerable percentage of the murids were 
juveniles at the time of their death (e.g. Chaplin 1971). The high proportions ofunfused 
proximal and distal murid femora in all the samples :further supports the suggestion that 
young individuals are fuitly wen represented at SBYC. 
The percentages of fused and unfused humeri and femora among the soricids also suggest 
that young individuals are well represented in the SBYC fuunal samples. The very high 
percentages of fused soricid proximal femora, however, indicate that proportions of 
soricid juveniles are lower than those observed among the murids. Overall, although 
skeletal remains of young individuals are more vulnerable to taphonomic processes such 
as digestion, Avery (1992) has shown that at Geelbek B in the West Coast National Park, 
young Otomys irroratus are fitirly wen represented in bam owl pellets. Following Avery 
(1990: 410), "the rates of early post-natal development and maternal practices will 
influence the likelihood of the very young being caught by predators". In spite of the 
suggestion that both mature and young individuals are represented at SBYC. it is 
imperative to point out that the age at which epiphyseal fusion occurs is variable and that 
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this may be influenced by metors such as individual variation, as well as those associated 
with the environment (e.g. Chaplin 1971; Bates and Harrison 1980). 
With regard to the loose epiphyses, the high proportions of these elements from the 
proximal end of the humerus correlate with the high percentages of unfused proximal 
humeri. The relatively high proportions of loose epiphyses from the distal end of the 
femur compare with the firirly high percentages of unfused distal femora especially 
among the murids. Similarly, the generally high proportions of loose epiphyses from the 
proximal end of the femur correspond with the relatively high percentages of unfused 
murid proximal femora. Generally, it may therefore be concluded that the proportions of 
loose epiphyses are comparable with the unfused ends of the humeri and femora, 
particularly among the murids. 
8.7 Relative proportions of skeletal elements 
Because the SBYC samples, especially the Down Slope, show excess murid humeri and 
femora (proximal long bones) relative to mandibles and maxillae (Table 7.8.1), this 
supports the suggestion that there has been differential destruction or loss of jaws at 
SBYC and that this phenomenon is more pronounced in the Down Slope. Among the 
soricids, the excess of maxillae and mandibles over humeri and femora in the Down 
Slope and Upper Slope is expected. This is largely because there has been generally a 
selective bias for soricid jaws, and more particularly the mandibles (see e.g. Tables 7.2.4 
and 7.2.5). The higher proportions of soricid humeri and femora relative to maxillae and 
mandibles in the Hanging Remnant, on the other hand, shows that there has been a 
selective bias against soricid jaws in the Hanging Remnant, a suggestion supported by the 
low proportions of soricid jaws in this particular sample relative to the other samples. 
Overall, comparing the SBYC munal samples with modem predator assemblages 
(Appendix 4.4), the proportions offemora and humeri relative to mandibles and maxillae 
in the SBYC muna indicate that predator-induced and post-depositional processes have 
selected against the jaws. 
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When murids and soricids are combined (Table 7.8.2), the excess offemora and humeri 
over mandibles and maxillae in all the munal samples further indicates that jaws are 
poorly represented at SBYC. Although the excess of femora and humeri over the jaws is 
more prominent in both the Hanging Remnant and the Down Slope, it may be noted that 
the generally high proportions of murid long bones relative to the jaws in the three 
samples may have influenced the indices fur relative proportions (e.g. Andrews 1990a). 
Except fur assemblages accumulated by a few predators such as the mongoose (see 
Appendix 4.4), the proportions of excess humeri and femora reJative to mandibles and 
maxillae are generally higher in the SBYC samples than they are in modem predator 
assemblages. Again, this may be partially an artifuct of the generally high proportions of 
humeri and femora in the SBYC samples, which as Andrews (1990a) also noted on the 
Westbury Pink Breccia Unit 11 muna, may be associated with the sturdy nature of these 
two long bones. 
The proportions of femora and humeri relative to tibiae and ulnae (distal long bones) 
indicate excess of the furmer in both the Down Slope and the Hanging Remnant (Table 
7.8.2). Conversely, the indices indicate higher proportions of tibiae and ulnae relative to 
femora and humeri in the Upper Slope. It may therefure be concluded that there is 
difl.erential representation of long bones in the three samples and that this may be 
associated with the difl.erential efl.ect of taphonomic processes on the bones across the 
site. Additionally, the low proportions of post -cranial to cranial elements (Table 7.8.3) 
reflect the high proportions of isolated molars in all the three sampled areas (e.g. 
Andrews 1990a). This is because relative proportions of post -cranial to cranial elements 
are quite high in cases where isolated molars have not been considered (see Table 7.8.2). 
8.8 The microfaunal species and the minimum number of individuals 
(MNIs) 
S.S.1 Micromammatian species 
Even though there are some differences in the percentages based on MNIs among the 
three SBYC faunal samples (Table 7.2.2), the dominance ofTatera ajra,Myosorexvarius 
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and Suncus 'Varilla in all the samples is evident. Importantly, when murid and soricid 
MNJs are compared, it is apparent that the jaws yielded generally higher MNJs for 
soricids than for murids (Table 7.2.4), but the humeri and femora gave higher MNIs for 
murids (Table 7.2.5). In view of this, it may strongly be argued that for one to arrive at 
MNIs that are likely to be accurate, both jaws and long bones should be considered, and 
attempts should be made where possible to identifY the taxa represented by these 
elements at least to fumily level. This is largely because faunal remains are relics of a 
wide range of ecological and taphonomic processes, and these processes difl.erentially 
influence the composition offaunal assemblages (e.g. Korth 1979; Andrews 1990a). 
From the perspective of the predator-prey relationship, the high representation of Tatera 
afra, Myosorex 'Varius and Suncus 'Varilla in the three samples indicates that the 
predatorls that accumulated the fauna had a preference for these three micromammalian 
species or that these species were particularly abundant (e.g. Andrews 1990a). If all 
taphonomic processes at SBYC affected the remains of the different species equally (e.g. 
Korth 1979), the relatively low proportions of the other rodent and insectivore species in 
all samples suggest that either the predators avoided them or they occurred in low 
proportions around the SBYC area. Similarly, the negligible representation of molerats 
and Cape rock elephant-shrews shows that these two species were rarely taken by the 
predatorls that accumulated the SBYC microfauna (e.g. Andrews 1990a; Avery et 
al.1990). 
As indicated in Table 8.8.1, the micromammalian species represented in the SBYC fauna 
have been derived from a wide range of microhabitats. Investigations ofbarn owl pellets 
recovered from the West Coast National Park have, however, suggested a co-occurrence 
of difl.erent micromammalian species (Avery et al. 1990; Avery 1992). The 
investigations suggested that species such as Myosorex 'Varius and Otomys i"oratus 
tended to co-exist. Suncus 'Varilla and Otomys unisulcatus were both found to occur 
together, while Steatomys krebsii co-occurred with Suncus 'Varilla. The investigations 
further revealed that in some areas, Tatera afra, Otomys unisulcatus and Steatomys 
krebs;; co-occurred (Avery 1992). Following these observations, it is likely that in the 
neighborhood of the SBYC faunal site some 15,000 years ago, the co-existence ofspecies 
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would have influenced the sampling by the predator of the most preferred and possibly 
abundant species in each microhabitat, resulting in the evidently high representation of 
Tatera afro, .Myosorex varius and Suncus varilla. Overall, the dominance ofTatera afra, 
Myosorex varius and Suncus varilla in all the samples together with the relatively low 
representation of other micromammalian species strongly support the suggestion that the 
three SBYC faunal samples represent one occurrence that would have been accumulated 
by one predator species. 
Table 8.8.1: Micromammalian species from SBYC, their preferred modern habitat, activity pattern 
and mean individual mus (Mass· to the nearest 5g. See Appendh 1 tOr further details). 
Taxon Preferred modem habitat Activity pattern Mass· 
Insectlvora 
Chrysochlons asiatica sandy soil loosened by e.g. cultivation; 50 
fairly open grass or semi-arid scrub 
Crocidura cyanea wide habitat tolerance; grass or fynbos diurnal and nocturnal 10 
Crocidura flavescens dense vegetation diurnal and nocturnal 25 
Myosorex vanus moist, dense vegetation largely nocturnal 15 
Suncus vartlla open grassland 5 
Chlroptera 
Rhinolophus ciivosus caves, rock crevices, mine adits etc. largely nocturnal 15 
Rodentia 
Dendromus meianotis tall dense grass in riverine conditions nocturnal 5 
Dendromus mesomelas rank vegetation of tall grass or bushes nocturnal 10 
Steatomys krebsi; dry sandy gras land and sandy alluvium nocturnal 25 
Gerbil/urns paeba loose sand; sparse grassland nocturnal 25 
Tatera ata loose sandy or sandy alluvium sols; nocturnal 100 
open grassland 
Mystromys albicauda#Us savanna grassland nocturnal 80 
Rhabdomys pumilia dense vegetation largely diurnal 45 
Otomys ;rroratus moist dense vegetation largely diurnal 120 
Otomys saundersiae mountainous areas; grass or fynbos diurnal 100 
Otomys unisulca#Us sparse semi-arid shrub or fynbos largely crepuscular 125 
BathyelTJus suit Ius soft coastal sandveld 650 
Cryptomys hottentotus sandy soils; sparse vegetation largely nocturnal 200 
Macroscelldea 
Elephantulus edward;; rocky outcrops; sparse semi-arid scrub largely nocturnal 50 
Although the Shannon-Wiener indices for general diversity (H) suggest that the three 
samples are not absolutely the same, the lower index (H) in the Hanging Remnant may be 
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attributed to the much smaller faunal sample from this part of the site. According to 
Avery (1982), the number of species can be affected by sample size even when evenness 
of representation is not. It is, however, interesting that the Down Slope sample yielded 
slightly higher index (If) than did the Upper Slope one, considering that the latter sample 
is the largest of all. Avery (1999) demonstrated that there is a lower species diversity 
index in modem faunal samples when a dominant species is included in the analysis, and 
higher when this species is omitted. The slightly lower diversity index (If) in the SBYC 
Upper Slope sample may therefore be attributed to the much higher Myosorex varius 
MNIs in this sample (see Table 7.2.2). This does not, however, explain the continued 
lower index (If) in the Upper Slope relative to the Down Slope when Myosorex varius is 
omitted from the analysis (Table 7.2.3). The fluctuating indices depending on whether or 
not Myosorex varius and Tatera afra are included in the analyses, nevertheless, agree 
with Avery's (1987) observations on the micro mammalian fauna from the Klasies River 
Mouth. These studies showed fluctuations in species indices (If), depending on whether 
or not the dominant species, Otomys i"oratus, was included in the analysis. This 
demonstrates the effect that high representation of particular species may have on faunal 
interpretations. 
8.8.2 Non-micromammallim fauna 
Even though the representation of non-micromammalian fauna appears to have been 
minimal at SBYC, its presence confirms that the predator/s that accumulated the SBYC 
fauna were not restricted to micromammalian species (e.g. Steyn 1982; Andrews 1990a). 
Because amphibians and birds (in that order) are the best represented, this may suggest 
either that the two were more highly favoured than the others or that they were more 
abundant. Although accidental inclusions of not only micromammalian but also other 
microfiwnal remains may result in their occurrence in predator assemblages (e.g. 
Femandez-Jalvo and Andrews 1992), the relatively high MNIs for both amphibians and 
birds in the SBYC fauna compared to micromammaHan species such as the Cape rock 
elephant-shrews, strongly indicate the involvement of some predator/so As summarized in 
Appendix 2, most avian and mammalian predators prey on a wide range of microfauna! 
species. 
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8.9 Identifying the predator 
Given that post-depositional factors will have obscured some characteristic signatures left 
by predators (e.g. Andrews 1990a), the attempt to infer the potential predator Is that may 
have been responsible for the SBYC micromammalian fauna will be based on both 
ecological and taphonomic patterns evident in the muna (e.g. Matthews 1999). 
Appendix 2 gives modem ecological data for some avian and mammalian predators that 
cou,ld have been responsible for the accumulation of the SBYC micromammalian 
remains. Although most small carnivorous mammals prey on a wide range of 
micromammalian species (e.g. Skinner and Smithers 1990), the likelihood that these 
predators would have been responsible for the accumulation of the SBYC fauna is ruled 
out by a range of factors. As highlighted in Chapter Four, most small carnivorous 
mammals cause considerable damage to the bones of their prey. Throu,gh consumption 
and digestion the musteUds, for instance, cause so much damage to the bones of their 
prey (Andrews 199Oa) that they are unlikely accumulators of the micromammaHan 
remains at SBYC. The destruction of micro mammalian bones found in scats ofmustelids 
such as polecats is so high that it is difficult to positively identifY skeletal elements. 
Likewise, the feUds cause great damage to the bones of their prey, to the extent that it is 
difficult to obtain any meaningful samples. Micromammalian bones derived from canid 
scats have also shown large-scale destruction (Andrews and Evans 1983; Andrews 
1990a). 
The range of prey species taken by small carnivorous mammals also makes them unlikely 
candidates for the SBYC micromammalian munal accumulation. Among the feUds, 
although the caracal's diet may include micromammals such as mice, the absence in the 
SBYC fauna of larger prey species (e.g. small antelopes and dassies) that commonly 
occur in the diet of the caracal, calls into question the involvement of this carnivore in the 
accumulation of the SBYC muna (see Appendix 2). Among the canids, the largely 
nocturnal black-backed jackal preys on larger prey species such as young antelopes and 
hares (Stuart and Stuart 2001). The Cape fox and the bat-eared fox, on the other band, are 
predominantly insectivorous (Kingdon 1997; Stuart and Stuart 2001). Among the 
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viverrids, the largely diurnal and insectivorous small-grey mongoose and yellow 
mongoose (Stuart and Stuart 2001) are not potential accumulators of the SBYC fauna. 
The suricate is completely diurnal, living in burrow complexes (warrens) and preying 
predominantly on insects and other invertebrates (Stuart and Stuart 200 I). 
Studies have also shown that scats of many small carnivorous mammals yield 
micromammalian incisors that exhibit high levels of etching. Canid scats, tOr instance, 
have generally yielded micromammalian incisors that are highly etched (Category 4). 
One exception is the largely insectivorous bat-eared fux, which causes Category I or 2 
etching. The viverrids yield intermediate incisor etching that falls between Category 2 
and 3 (Andrews 1990a). 
Since most of the micromammalian species at SBYC are largely nocturnal (Table 8.8.1), 
the possibility that diurnal raptors would have accumulated the fauna is minimal. 
Analyses done on diurnal raptors' pellets (e.g. Dodson and Wexlar 1979) have yielded 
very few micromammalian bones, largely because through digestion, these birds cause 
considerable destruction to the bones of their prey (Dodson and Wexlar 1979; Andrews 
1990a). In addition, although most diurnal raptors prey on micromammals. the generally 
mobile existence of these birds makes them less potential accumulators of 
micromammalian bones (e.g. Steyn 1982). 
Among the owls, the small size of the micromammalian species represented in the SBYC 
samples does not suggest large owls such as the Cape eagle owl (Bubo capensis capensis) 
and the giant eagle owl (Bubo lacteus) as potential accumulators of the micromarnmalian 
fauna at SBYC. This is largely because these owls reed primarily on larger prey species 
such as molerats, red hyraxes, vervet monkeys, warthog piglets, dassies, mongoose, scrub 
hares, red rock hares and springhares (Steyn 1982, 1984; Kemp and Calburn 1987). 
On their present distribution, the grass owl (Tyto capensis), marsh owl (Asio capensis) 
and wood owl (Strlx woodfordii) may be ruled out as potential accumulators of the SBYC 
micromammalian fauna on the premise that the first two species roost and nest in open 
expanses of moist grassland while the largely insectivorous wood owl occurs mostly in 
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forests. The marsh owl is also one of the most mobile owls in southern Afiica, and 
therefore its roost sites usually contain few pellets (Steyn 1982; Kemp and Calbum 
1987). 
Because of the catholic diet associated with the spotted eagle owl (Bubo africanus), this 
owl may have contributed towards the accumulation of the micromammalian fauna at 
SBYC. This owl takes a wide range of prey species including mts, mice, shrews, birds, 
amphibians, molerats, and also arthropods. Depending on their abundance, species such 
as the gerbils may also be taken in large numbers by this owl (Steyn 1982). Although 
molemts are represented at SBYC, their negligible representation, and the total absence 
of small mammalian prey species such as scrub hares which occasionally occur in the diet 
of this owl (Steyn 1982), does not mvour the spotted eagle owl as a potential accumulator 
of the SBYC micromammalian muna. As also recorded in Table 4.2.1, the spotted eagle 
owl causes considerable damage to the bones of its prey (e.g. Grindley et al. 1973; Dean 
1989; Andrews 1990a). Andrews (1990a: 75) has reported further that the spotted eagle 
owl causes extensive enamel digestion over the entire incisor, a phenomenon that is not 
evident among the SBYC incisors. In addition, the large accumulations of bones at SBYC 
tend to rule out the spotted eagle owl. This owl has a tendency to use various nest sites 
(Steyn 1982), and therefore not to accumulate large clusters of pellets, which further calls 
into question the candidacy for this owl as a potential accumulator of the SBYC 
micromammalian firuna. 
Ovemll, considering all the factors highlighted above and the relative completeness of the 
SBYC micromammalian firuna, particularly the long bones, the possibility that any of 
these predators would have been responsible forthe SBYC muna is minimal. Because of 
the factors discussed below, the most probable accumulator of the SBYC 
micromammalian firuna is the bam owl. The bam owl occurs in a wide range of habitats 
but its hunting over-emphasizes riverine environments (Steyn 1982; Kemp and Calbum 
1987; Avery 2002). The owl preys largely on rodent and insectivore species with mean 
body mass below 150 g (e.g. Avery 1988, 1990, 1993). As shown in Table 8.8.1, the 
micromammalian muna from the three sampled areas at SBYC represent largely 
micromammalian species weighing below 150 g, with negligible representation oflarger 
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rodent species such as the molerats. Table 8.9.1 further shows that nearly all the 
micromammalian species represented at SBYC have also been recorded in bam owl 
pellets from the region. 
Table S.9.1: Micromammallan specia encountered in modem bam owl 
pelleU from the West Coast Natioul Park (After Avery ettJI. 1990, Table 2) 
and in the SBYC raunal samples. 
In owl InSBVC 
Species Common name pellets fauna 
Insectivore 
Chrysochloris asiatica Cape golden mole # # 
Eremitalpa granti Grant's golden mole # 
Crocidura cyanea reddish-grey musk shrew # 
Crocidura flavascens greater musk shrew # 
Myosorex vanus forest shrew # # 
Suncus vanlla lesser dwarf shrew # # 
Chlroptera 
Rhinolophus clivosus Geoffroy's horseshoe bat # 
Eptesicus hottantotus long-taUed semme bat # 
Rodentia 
Dandromus melanoUs grey climbing mouse # # 
Dendromus mesomelas 8rants's climbing mouse # # 
Steatomys krebsii Krebs's fat mouse # # 
Gerbil/urus paaba hairy-footed gerbU # # 
Tatera atra Cape gerbil # # 
Mystromys albicaudatus white-tailed rat # 
Rhabdomys pumilia striped mouse # # 
Otomys irroratus vlei-tat # # 
Otomys saundarsiae Saunders's viei-rat # 
Otomys unisulcatus bush Kama rat # # 
Mus muscu/us house mouse # 
Mus minutoidas pygmy mouse # 
Bathyergus suN/us Cape dune molerat # 
Cryptomys hottentotus com mon molerat # # 
Georychus capensis Cape molerat # 
MacroeceUdea 
EJaphantulus edwardi; Cape rock elephant-shrew # 
Although the bam owl takes a wide range of micromammalian species, it tends to over-
emphasize the most abundant prey species, particularly rodents and shrews (Steyn 1982; 
Andrews 1990a). The relatively high representation of Tatera afra, Myosorex varius and 
Suncus varilla (Table 7.2.2) may be interpreted as implying that these three species were 
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abundant around SBYC when the fauna was accumulated, and the bam owl would have 
preferred the three micromammalian species to others (e.g. Andrews 1990a). At 
Steenbokfontein, situated on the western coast of South Africa, Avery (1999) has also 
recorded a relatively high representation of Suncus varilla in some of the layers, 
indicating that this species formed a significant part of the diet for the predatorls at 
Steenbokfontein. Investigations of modern bam owl pellets from Steenbokfontein (Avery 
1999) have also shown a fuirly high representation of Tatera afra, indicating that this 
species occupies a significant part in the diet of the bam owl in certain parts of the 
Western Cape. 
Most of the micromammaJian species represented in the three sampled areas at SBYC are 
largely nocturnal (Table 8.8.1) and, because the bam owl is largely nocturnal (e.g. Kemp 
and Calbum 1987), this further strengthens the contention that this owl is the most likely 
accumulator of the SBYC micromammalian muna. The presence at SBYC of largely 
diurnal micromammalian species such as Rhabdomys pumilio (e.g. Avery 1992) can be 
explained by the fu.ct that the bam owl is known to hunt during dull days (Steyn 1982). 
Because the bam owl may roost in one site fur a very long time, large quantities of pellets 
can accumulate (e.g. Steyn 1982). It is therefore conceivable that the bam owls could 
have been responsible fur the large quantities of microfauna at SBYC. Because of the 
nature of the depositional context, however, it is difficult to determine how long it would 
have taken fur the SBYC fauna to accumulate. 
According to Andrews (1990a), Category 1 predators, including the bam owls, cause 
minimal digestion to the incisors of their prey (see Appendix 4.2). Although not frequent, 
etching resulting from the bam owl "may be distributed over the whole enamel surfu.ce" 
(Andrews 1990a: 74). Because the SBYC faunal samples yielded high proportions of 
both un-etched incisors and incisors with very slight etching and pitting. this 
phenomenon lends further support to the suggestion that the bam owl was responsible for 
the accumulation of the muna. Given that heavier etching by Category 1 predators 
including the bam owl may sometimes penetrate the dentine, the presence of low 
proportions ofincisors in the SBYC faunal samples in which etching has penetrated the 
dentine are generally consistent with bam owl behaviour. Investigations of incisor 
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etching among the Mumbwa Caves micromammalian fauna have also suggested that, 
because of the low incidences of etching, the bam owl would have been the most 
probable accumulator of the fauna (Andrews and Jenkins 2000). Following Andrews and 
Jenkins (2000), the differences in levels of etching evident in the SBYC incisors may 
have resulted from physiological differences in the bam owl, as nesting and roosting owls 
tend to yield different degrees of etching. In addition, although the effect of post-
depositional breakage has substantially influenced the SBYC micromammalian fauna, the 
relatively high proportions of complete long bones, especially among the soricids, and 
also the high proportions offoot bones and vertebrae in the three samples correlate with 
those from .bam owl pellets (e.g. Dodson and Wexlar 1979; Korth 1979; Avery 2002). 
Overall, the above observations provide further support to the hypothesis that the SBYC 
micromammalian faunal samples belong to one faunal accumulation. 
8.10 Palaeoenvironments in the SBYC area 
The bam owl has been reported to hunt up to a maximum of 16 km from the roost site 
(e.g. Kemp and Calbum 1987). Assuming that the behaviour of the bam owl has not 
changed over time and that this was the responsible predator, it is reasonable to suppose 
that the micromamrnalian species represented at SBYC may have been derived from 
within a range of no more than 16 km. 
Although the micromammalian species represented at SBYC may presently occur in a 
wide range of microhabitats (Appendix 1), the environment around SBYC when the 
fauna was accumulated appears to have been largely open vegetation and dry sandy soils 
on flat ground and hillsides. This is indicated by the preference of the barn owl for 
hunting in open habitats and also the high representation of micrornammalian species 
such as Tatera afra and Suncus varilla, which currently inhabit sandy ground and open 
scrub environments. The occurrence of sandy and fairly open scrub microhabitats around 
SBYC is further suggested by the presence, although in generally low proportions, of 
Crocidura cyanea, Gerbillurus paeba, Steatomys krebs;;, Otomys saundersiae, 
Mystromys albicaudatus, Chrysochlorls asiatica, Bathyergus suillus and Cryptomys 
honentotus. In addition to the scrub microhabitats, there would have been areas with 
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closed vegetation, as indicated by the presence of Rhabdomys pumilio, Dendromus 
melanotis and Dendromus mesomelas. More particularly, grassy microhabitats in flat 
grounds are suggested by Dendromus melanotis. Conditions in the grassy environments 
would have varied, and sparse and possibly semi-arid grassy environments are suggested 
by Otomys unisulcatus and Elephantulus edwardii (see Appendix 1). 
On the other hand, lusher vegetation and moist microhabitats on slopes as wen as on flat 
ground and riverine environments are indicated by the high representation of Myosorex 
varius and also the occurrence of Otomys i"orams in the SBYC samples. Although 
Dendromus melanotis may occur in a range of microhabitats, its presence at SBYC 
further emphasizes mesic microhabitats on flat grounds. The common association of 
Crocidura cyanea and Crocidura flavescens with habitats such as vleis, as well as the 
. close association of Otomys saundersiae with sedge fields in heathlands further 
emphasize mesic microhabitats (see Appendix 1). The presence of these microhabitats at 
SBYC agrees with the tendency of the infeIred predator, the bam owl, to also hunt in 
riverine environments (e.g. Avery 2002). 
The Shannon-Wiener indices for general diversity (H), particularly those from the Down 
Slope and Upper Slope, are comparable with other Holocene or interglacial values from 
the entire southern Cape region (e.g. Avery 1987). These indices, which suggest 
moderate climatic conditions, generally cOIrelate with those of the micromammalian 
fauna from both Byneskranskop 1 and Steenbokfontein (Avery 1982, 1999). In sum, 
although Talma and Vogel (1992) have noted that late Quaternary temperature along the 
southernmost part of South Afiica would have been 2 degrees lower until about 13,800 
years B.P., over all the SBYC micromammalian fauna supports the contention of Hen dey 
and Deacon (1977) that climatic conditions in the SBYC region at the time the fauna 
accumulated were essentially modem. 
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CHAPTER NINE 
Conclusion 
9.1 Findings 
This thesis has sought to reach an understanding of the many metors that have 
influenced the accumulatio~ transformation and structure of the SBye 
micromammaJian faunal assemblage. It has been shown that, although there are some 
differences in aspects such as the percentages ofNISPs, MNIs, breakage patterns and 
etching on incisors, the three SBye faunal samples exhibit a clear pictme of a unitary 
faunal occurrence. The differences that exist may be explained in terms of the 
differential effect of largely taphonomic processes. In additio~ even though the chi-
squared and gamma analyses show some differences that do not perfectly support the 
suggestion of a single faunal occurrence, these tests generally indicate that there has 
been an increase in breakage as the fauna eroded down slope. The gamma analyses 
have generally shown statistically discernible directional relationships between the 
breakage patterns of the fauna and their position along the slope, a suggestion that is 
also supported by the high representation of the most durable skeletal elements in the 
Down Slope. The preferential preservation of the more durable elements as the fauna 
eroded down slope is more apparent when the Down Slope and Upper Slope samples 
are compared. At this stage, there seems to be no clear explanation of the differences 
between the Hanging Remnant and the other two sampled areas. Nevertheless, the met 
that the fauna from the Hanging Remnant was derived from partially cemented 
sediments, as opposed to the loose sediments from which the Down Slope and Upper 
Slope fauna were derived, may explain the patterns evident in the Hanging Remnant 
fauna. 
Species diversity and equitability among the SBye fiwnal samples, together with the 
levels of acid-etching among the incisors, have strongly suggested that the SBye 
micromammalian fauna was accumulated by the barn owL The high representation of 
Tatera afra, Myosorex varius and Suncus varilla in the SBye faunal samples is a 
feature of the barn owl, which tends to over-emphasize certain prey species depending 
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on their abundance. Moreover, because the bam owl is largely no~ the high 
representation of Tatera afra and Myosorex varius in the SBYC fauna has been 
ascnbed to the nocturnal activity pattern of these micromammalian species, which 
would have made them more vulnerable to predation by the bam owl. Ecological 
:factors such as predator preference for certain prey species may have led to poor 
representation of other prey species that may have occurred in the SBYC area. The 
deduction that the bam owl was responsible for the SBYC micromammalian fauna 
lends further support to the hypothesis of a unitary faunal assemblage. 
Even though taphonomic studies of African micromammalian material are greatly 
hindered by the lack of modern comparative data (Avery 2002), this thesis has 
presented a wide range of taphonomic :factors that affect micromammalian faunal 
remains. The study of the SBYC micromammalian fauna has provided more 
cJarffication of the :fact that, beginning from the time of death up to the time when 
micromammalian bones are recovered by the analyst/s, taphonomic processes 
including those resulting from the recovery procedures, differentially affect bones. 
These processes may lead to phenomena such as loss of skeletal elements and greater 
destruction of some skeletal elements than others. The latter phenomenon has been 
demonstrated through the differential preservation of skeletal elements at SBYC, as 
strongly indicated by the higher proportions of complete soricid humeri and femora 
relative to murid humeri and femora and also the generally higher soricid MNIs based 
on the jaws relative to the long bones. It has also been shown that taphonomic 
processes may yield similar patterns on bones, or new patterns including breakage 
may be superimposed on earlier ones. In view of this, as has been suggested by the 
high proportions of the most durable skeletal elements in the SBYC Down Slope 
sample, emphasis has been made on the importance of understanding the 
environmental contexts in which faunal assemblages have been deposited. This 
understanding has the potential to help in discerning the taphonomic processes that 
may have influenced the composition of faunal assemblages. 
Because of the many taphonomic and ecological processes that influence 
micromammalian faunal assemblages, the importance of relatively large samples has 
126 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
been expressed through this thesis. From the relatively low proportions of soricid 
maxillae in the Hanging Remnant, for instance, it has become apparent that small 
samples are more likely to yield erroneous interpretations of the taphonomic history 
of the muna and ultimately the communities from which the muna were derived. 
Additionally, the importance of integrating mechanical (e.g. breakage patterns) and 
ecological data (e.g. species diversity) from micromammalian munal assemblages has 
been emphasized. This integration has helped in inferring the bam owl as having 
being responsible for the accumulation of the SBYC micromammalian muna, as wen 
as in reconstructing the microhabitats from which the micromamma1ian species were 
derived. 
The SBYC muna includes species that have wide vegetational tolerance (e.g. Suncus 
varilla), species whose distribution is controlled by physical features such as nature of 
substrate rather than vegetation type (e.g. Tatera afra and Cryptomys hottentotus), and 
species adapted to moist and closed vegetation (e.g. Otomys i"oratus and Myosorex 
varius). In view of this, the general picture of the SBYC area some 15,000 years ago 
has been suggested to have been a mosaic of microhabitats including well-vegetated 
and moist microhabitats, fairly dry and moderately open grass and scrub (sandveld), 
and an admixture of bush and sandy flats. In addition, drier and karroid microhabitats 
would have existed, as suggested by the presence of Otomys unisulcatus. Overall, 
climatic conditions in the SBYC area 15,000 years ago were moderate, as further 
suggested by the Shannon-Wiener indices for general diversity (N). 
9.2 Recommendations 
In acknowledgement of the possible use of average body size and morphological 
changes in munal remains in the interpretation of palaeoenvironmental changes (e.g. 
Avery 1982, 1990; Klein and Cruz-Un'be 1984; Thackeray 1987; Marean et al. 1994), 
it is worth pointing out that possible variation in mean body size is an important area 
that may in future be investigated on the SBYC muna. This will augment the findings 
that have resulted from this first study of the SBYC micromammalian muna. 
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Because the SBYC soricids yielded generally higher MNIs than did mwids when jaws 
are considered and the opposite when long bones are considered, this demo:nstnrtes 
the great need for all faunal analyses to compliment MNIs based on the jaws with 
those derived from the long bones, and vice versa. Similarly, because the soricid 
proximal long bones (humerus and femur) showed higher levels of completeness 
relative to those of the mwids, micromammalian faunal analyses should attempt to 
examine insectivore and rodent faunal remains separately. Such analyses will have a 
higher potential for providing accurate interpretations of the taphonomic history of the 
bones. Additionally, because soricids yielded higher proportions of fused proximal 
long bones relative to the mwids, studies on modem skeletons should investigate 
whether this may have been caused by early fusion of the soricid bones relative to 
those of the mwids. 
In summary, this thesis has indicated further areas of investigation in the study of 
micromammalian fauna, including the need for future studies to analyse 
micromammalian bones or species separately. At the same time, this study has shown 
that, with appropriate caution in the analysis and interpretation of micromamma1iaD 
fauna, the muhivariate faunal record has great potential for yielding information about 
palaeoenvironments and the many taphon mic processes that have influenced the 
fauna. 
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APPENDIXl 
Short notes on the southem African modem habita1s, behaviour and diets of the smaD 
mammal species represented in the SBye faunal samples 
Insectivora 
Cape golden mole (CI"ysochlorls asilltklJ) 
Cape golden moles are endemic to the southwestern Cape Province, extending up to the Namaqualand 
coastal plain. The total length of an adult is about 110 mm, and a mean body weight of about 50 g. Females 
are usually smaller than males. Cape golden moles may occur (solitarily) in a variety of preferably flat 
habitats, including sandy fYnbos. succulent karroid veld types. and grasslands. These moles also live in 
cultivated lands and may thrive in the neighborhood of man. The Cape golden moles are fossorial, and are 
more active after rains. In the southern Cape. these moles occur in areas with annual rainfall up to 600 mm. 
Although they are generalist feeders. their diet comprises predominantly insects, earthworms and 
millipedes (Information compiled from: Avery 1982; Avery et al. 1990; Skinner and Smithers 1990; 
Bronner 1997; Kingdon 1997; Stuart and Stuart 2001). 
Reddish-grey musk. shrew (Croddl4ra cytmea) 
This shrew is widely distributed in southern Africa, including the Westem Cape Province. It has a total 
length of up to about 130 mm, and a mean body weight of about 9 g. It is tolerant to a wide variety of 
environments, and may occur in montane forests and grasslands or fYnbos, vleis, dense shrubs. savanna 
grasslands and rocky outcrops. It may also occur in relatively dry areas. In the southern part of the Western 
Cape Province. its areas of :residence (preferably rocky slopes) receive annual rainfall up to 500 mm. 
Although this species of the shrews has been trapped during the day. it is predominantly nocturnal, solitary 
and a terrestrial forager, preying largely on insects. It is also known to prey on small vertebrates 
(Information compiled from: Avery 1982; Smithers 1983; Skinner and Smithers 1990; Dippenaar 1997a; 
Stuart and Stuart 2001). 
Greater musk. shrew (Croddl4rajlavacmtJ) 
This is a large and predominantly nocturnal shrew, which is endemic to southern Africa. including the 
southwestern part of the Cape. Its total length is about 160 mm, and an avenge body mass of about 26.7 g 
for males and 22.2 g for females. It occurs in a mosaic of vegetation types, including habitats with dense 
vegetation cover in fYnbos, temperate and subtropical grassland, coastal forest (or along vleis), woodland 
and savanna. In the southern Cape., it prefers rocky grounds and generally habitats that :receive rainiall of 
more than 400 mm. It is also known to exploit drier environmeQts. It is predominantly solitary, preying 
largely on insects and small vertebrates (Information compiled from: Avery 1982; Skinner and Smithers 
1990; Dippenaar 1997b; Kingdon 1997). 
Myosorex varms is endemic to southern Africa, occurring widely in the region, including the Western Cape 
Province. It has a total body length of about 120 mm, and an average body mass of about 15 g. This shrew 
is largely nocturnal. It is active beginning from dusk, and by dawn, activity starts to decline. It is an 
aggressive species and, although it prerers moist habitats (e.g. riverine) with dense vegetation, it may occur 
in a wide range of vegetation types, including grassland. In the Western Cape Province., it occurs under 
drier conditions on coastal mountains. preferring areas with dense continuous vegetation cover of low 
succulent bushes. This shrew makes nests with grass, and may habitually burrow even when in captivity. 
Although this shrew is an opportunistic feeder. it preys predominantly on invertebrates including beetles, 
grasshoppers. termites, earthworms and spiders. The forest shrew also preys on small vertebrates such as 
lizards and frogs. Remains of forest shrews often appear in bam owl pellets. Small carnivorous mammals 
such as the water mongoose and the polecat are also known to prey on forest shrews (Information compiled 
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from: Avery 1982; Smithers 1983; Avery et aL 1990; Skinner and Smithers 1990; Dippenaar 1997c; Stuart 
and Stuart 2001 ) . 
.Lesser dwarf shrew (8ulfCllS WI1'iIk6) 
The lesser dwarf shrew is widely distributed in the southwestern, southern and eastern parts of southern 
Africa., including the Western Cape Province. Its average body length is about 89 mm, and an average body 
mass of about 6.5 g. Because of its catholic ecological requirements. it occurs in a wide range of 
environments and vegetation types, including open grassland. In the central Free S13te, for instance. it has 
been found to nest in termite mounds that are in disuse. It is predominantly insectivorous. Suncus varilla 
lives fur about 24 to 30 months. Its activity pattern is not known (Information compiled from: Skinner and 
Smithers 1990; Dippenaar 1997d; Stumtand Stuart 2001). 
Cbiroptera 
Geoffroy's horseshoe bat (RJdnolophus cIivoSllS) 
This is the commonest of the horseshoe bats in southern Afiica. It occurs in parts of the sub-region 
including South Africa., Zimbabwe and Mozambique. In South Afiica, it occurs in a number of areas, 
including the Transvaal and the Western Cape Province. The total length ofan adult Rhinoloplws clOOsus 
is about 97 mm, with an average body mass of about 17 g. In the Western Cape Province. this species most 
commonly live in colonies. It usually roosts during the day, preferring a range of roosting sites that offer 
shelter such as caves, hollow trees and abandoned mines. Generally, Rhinoloplws spp. may inhabit all kinds 
of vegetation types, but those species living in temperate regions prefer warm roosts especially when they 
are active. Rhinoloplws clOOms is predominantly a savanna woodland bat Like most horseshoe bats living 
in temperate regions, Rhinolophus dooms is known to hibernate during the winter. It is predominantly 
insectivorous, and like most Rhinoloplws spp, its diet may include mosquitoes, moths, spiders and beetles 
(Infurmation compiled from: Skinner and Smithers 1990; Kingdon 1997; Rautenbach 1997; Stuart and 
Stuart 2001 ). 
Rodentia 
Grey climbing mouse (DmdromlU memno&) 
The grey climbing mouse is a very successful species and has a wide distribution in southern Afiica. In 
South Africa, it occurs in a number of areas including KwaZulu-Natal, northern Free S13te, and Eastern and 
Western Cape. Adults of this species have a total body length of about 150 mm, and an average body mass 
of about 8 g. This is a nocturnal and terrestrial mouse and prefers living in tall grassland and rank 
vegetation on valley floors. In Botswana, 1hi& ~ occurs in dry grassland along the edges of marshy 
areas and/or rivers. It is a successful climber, being able to climb even grass stalks, and also build nests 
between grass srems. This mouse is also known to burrow especially when taking cover from veld fires. 
Although it is largely insectivorous, it is also known to consume seeds, grass, and a wide range of 
invertebrates. Some of the predators that prey on this mouse include the bam owls and a range of snakes 
(Infurmation compiled from: Avery 1982; Smithers 1983; Skinner and Smithers 1990; De Graaf 19978; 
Kingdon 1997; Stuart and Stuart 2001). 
In southern Afiica, this mouse occurs in a number of areas, including the northern part of Botswana, 
northeastern parts of Namibia, northern part of South Afiica, and in the Western Cape Province. Its total 
body length is about 170 mm, and the average adult body mass is about 14 g. It is a nocturnal moose, 
although also active during the day. This mouse is a successful climber especially in low vegetation. It uses 
its long tail in its skillful climbing maneuvers. It prefers living in rank vegetation and more preferably in 
tall grass and shrubby habimts, where it uses the grass to build its nests. It is mainly insectivorous, although 
its diet may also include grass and seeds. Some of the predators thai: prey on this mouse include snakes, the 
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bam owls and the grass owls (Infonnation compiled from: Smithers 1983; Skinner and Smithers 1990; De 
Graaf 1997b; Kingdon 1997; Stuart and Stuart 2001). 
Krebs's fat mouse (Steatomp Icrebsli) 
Although there is poor mders1anding of the distribution of the Krebs's &t mouse in southern Africa, its 
occurrence is known in South Africa, Angola and Zambia. In South Africa, its distributional range includes 
much of the comtry except KwaZulu-Natal. This species weighs about 24 g and has an average body 
length of about 130 mm. This noctumal. and tenest.rial mouse prefers dry environments, especially ones 
with sandy subs1rate (e.g. dry sandy grassland and sandy alluvium). Its diet is not clearly known, but like 
that of other Steatomys spp., may include insects, seeds, bulbs, roots and grass (Information compiled from: 
Smithers 1983; Skinner and Smithers 1990; De Graaf 1997c; Kingdon 1997; Smmt and Stuart 2001). 
Hairy-footed gerbil (GerblUunu paeba) 
The haiIy-footed gerbil is a solitary. very aggressive and active gerbil, which occurs widely in arid areas. In 
southern Africa, its distributional range includes Namibia, Botswana and Zimbabwe. In South Africa alone, 
it is widely distributed in the western half of the country. Its average body mass is about 25 g. This gerbil is 
nocturnal and terrestrial. It usually spends its diurnal hours in burrows. Although the distribution of the 
haiIy-footed gerbil may ex1end to the relatively moist southern coastal zone, this gerbil prefers dry sandy or 
sandy alluvial substrate, with sparse grass, scrub or some form of cover. The haiIy-footed gerbil is, 
however, scarce aromd calcareous river banks. It occurs in high densities on vegetated dmes that may be 
conducive for burrowing. In the southern part of the western Cape Province, this gerbil prefers habitats thai: 
are flat, and also the sandy slopes. Its diet comprises seeds, vegetable matter as well as insects (Information 
compiled from: Avery 1982; Avery et al. 1990; Skinner and Smithers 1990; Kingdon 1997; Perrin 1997a; 
Stuart and Stuart 2001). 
Cape gerbil (Tatera afrtl) 
The Cape gerbil is endemic to the Western Cape Province and more particularly the Cape Macchia zone, 
which stretches "southward from Niewomdtville in the northwest of the Western Cape to the Cape 
Peninsula, and eastward along the coast to Herold's Bay" (perrin 1997b: ISS). This gerbil has an average 
body length of about 300 mm. and a mean bod  mass of about 100 g. Males are slightly heavier than 
females. Cape gerbils are extensive burrowers and are predominantly confined to areas with loose, sandy 
soils, or sandy alluvium, especially in cultivated areas. Cape gerbils are noctumal and terrestrial, preferring 
areas of open grassland with well-drained sandy soils. The diet of this gerbil includes grass, bulbs, roots, 
seeds, and other vegetable matter. Th  Cape gerbils are also partly insectivorous (Infunnation compiled 
from: Skinner and Smithers 1990; Kingdon 1997; Perrin 1997b; Smmtand Smart 2001). 
White-tailed rat (A()'stmmp IIlbktl"dlllul;J 
This rat is endemic to South Africa, Lesotho and Swaziland. Throughout its distributional range, it occurs 
in low densities. In South Africa, the distribution of this rat includes the low-lying areas in the southern 
parts of the Eastern and Western Cape. as well as the Free State and the northern provinces. Adult white-
tailed rats have an average length of about 220 mm, and an average body mass of about 78 g. Mature 
males may. however, measure up to 111 g. This rat is ooctumal and terrestrial. It is mainly confined to the 
highveld and montane grassland. but may also occur in the savanna grassland. The white-tailed rat prefers 
living in burrows and in crevices on the ground, where it builds a nest with shredded materials. Its diet 
includes insects, seeds and green vegetable mateer. It is frequently preyed upon by the bam owl 
(Infunnation compiled :from: Smithers 1983; Skinner and Smithers 1990; De Graaf 1997<1; Kingdon 1997; 
Stuart and Stuart 2001). 
Striped mouse (RIaabdomp p"mIllo) 
This mouse is widely distributed in southern Africa, occurring in a number of regions in the sub-region 
including Namibia, Mozambique and Botswana. In South Africa, it occurs over much of the country. Its 
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average body mass is about 35 g. It is largely diurnal and a grassland mouse (closed vegetation) occurring 
in a wide variety of habitats as long as there is some grass cover. It is also known to dig burrows. A1though 
the striped mouse is opportunistic in its diet requirements. it is generally granivorous. It also takes green 
plant material,. including stems, leaves and berries, as well as some small invertebrates. The striped mouse 
is preyed upon by a wide range of predators, including snakes, diurnal birds of prey, owls, as well as small 
carnivorous mammals such as the caracal and the mongoose (Information compiled:from: Smithers 1983; 
Avery 1987; Skinner and Smithers 1990; De Graaf 1997 e; Kingdon 1997; Stuart and Stuart 2001). 
VIa rat (Otomys momms) 
This moderate to large-sized stocky rat is widely distributed in southern Africa. In South Afiica, its 
occurrence is absent only in the more arid western and north-western regions; it is widely distributed 
throughout the Western Cape Province. Its total average body length is about 240 mm, with a body mass of 
about 120 g for males, and 114 g for females. This rat prefers mainly vleis or marshy environments, but 
may also occur in grassland The vlei rat is terrestrial, although to some extent may also be referred as 
semi-aquatic. It is predominantly diurnal, but may also show some activity at night It is complerely 
omnivorous, and its diet includes succulent: stems of grasses (e.g. green grass, reeds), seeds, and sedges. 
Predators for vlei rats include small carnivorous mammals, snakes, diurnal birds of prey, and also nocturnal 
birds of prey and more particularly the barn owl and the spotted eagle owl (Information compiled :from: 
Smithers 1983; Avery et aL 1990; Skinner and Smithers 1990; Kerley 1997a; Kingdon 1997; Stuart and 
Stuart 2001). 
Saunders's via rat (Otomys sllUndnsiae) 
The distribution of the Saunders's vlei rat is mainly in two disjointed areas in South Afiica. These are the 
southwestern part of the Western Cape Province and the eastern parts of the Eastern Cape Province up to 
the Free Stare. This rat has an average body length of about 250 mm and 220 mm for males and remales, 
respectively. Average body mass for this rat is about III g for males and 95 g for females. Although very 
little is known about the habitat, the diet and the behaviour of this rat, it may occur in the mountains and in 
close association with sedge fields in heathlands. It is generally herbivorous and diurnal (Information 
compiled from: Smithers 1983; Skinner and Smithers 1990; Stuart and Stuart 2001). 
Bush Karoo rat (Otomys "m-blus) 
The bush Karoo rat is endemic to South Afrjca and is confined largely to the drier bushy habitats of the 
Western and Northern Cape provinces, and more particularly in the Karoo and the west coast. Adults have 
an average body length of about 240 mm, and an average body mass of 125 g. This rat is associated with 
the fYnbos and grassy habitats, preferring drier environments and avoiding moist and damp environments. 
It builds its nest by accumulating heaps of twigs. It takes refuge under the heaps in the event of possible 
attack by a predator, and also when taking cover from the harsh desert environment This rat is largely 
crepuscular and rerres1rlal. Being exclusively herbivorous, the diet of the bush Karoo rat comprises a wide 
variety of plants, including the green foliage of succulent plants (Infonnation compiled from: Avery 1982; 
Skinner and Smithers 1990; Kerley 1997b; Stuart and Stuart 200 O. 
Cape dune molent (&ItltyngllS sllilllls) 
The Cape dune molerat is largely a fossorial rat confined to the coastal areas of the southwestern part of the 
Western Cape Province, South Africa. It is particularly widespread in the West Coast National Parle. This 
molerat is the largest of all the bathyergids, with a body mass ranging between 550 and 750 g. It occurs 
only in areas with sandy substrate such as the coastal sandveld, or riverine alluvial sands. When burrowing, 
its presence is announced by numerous mounds of soil, which accurnuJme as it pushes soil on to the 
sur&ce. It is also during mound formation when most predators ca1x:h this molerat, as the exercise betmys 
its presence. It is very territorial, and its vegetarian diet includes leaves, stems, tubers and bulbs. A range of 
predators including snakes, jackals, caracal and man prey on the Cape dune molerat. This molerat is beyond 
the size limit of the bam owls (Information compiled from: Avery etal. 1990; Skinner and Smithers 1990; 
Jarvis 1997a; Kingdon 1997; Stuart and Stuart 2001). 
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Common molenat (Cl)ptomy,i' hOllmtobu) 
The common molerat is widely dis1ributed in the southern Africa sub-region, occurring in places such as 
eastern Botswana and much of South Africa.. Generally. body mass ranges between 100 and 300 g. 
Cryptomys hottentotus live in small colonies of about 14 individuals, and are able to inhabit a mosaic of 
sparsely vege1ated subS1rates ranging from sandy soils to heavy and compacted soils. This molerat, 
however, prefers granitic sands where it burrows, throwing up mounds of soil. Cryptomys hottentotus is 
more active during the night Because of its vegetarian diet, the dis1ribution of the common molerat is 
greatly influenced by the availability of food items such as corms, tubers and bulbs (Information compiled 
from: Avery 1982; Smithers 1983; Avery et al. 1990; Skinner and Smithers 1990; Jarvis 1997b; Kingdon 
1997; Stuart and Stuart 2001). 
Maerosc:elidea 
This elephant shrew is endemic to South Africa, and occurs in disjointed areas in the southwestern and 
central parts of the Wesam Cape, Little Namaqualand as well as the region around Port EIimbe1h in the 
Eastern Cape. Adults' total body length is about 250 mm. with an average body mass of about 50 g. This 
species prefers habitats with pockets of layered rocks in either dwarf shrubs, karroid (semi-arid scrub) 
vegetation, or relatively open environments. It is terrestrial and mainly solitmy. al1bough pairs have been 
recorded. It is crepuscular, diurnal and nocturnal. Although this shrew is predominantly insectivorous, it 
also preys on a wide range of other invertebrates with a notable preference fur ants and termites. In 
captivity, this shrew readily eats vegetable matter, including seeds (Infurmation compiled from: Skinner 
and Smithers 1990; Perrin 1997c; Stuart and Stuart 2001). 
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APPENDIX 1 
Short notes on the behavior, diet and preferred habitau of possible predators of smaD 
mammals around the SBYC area (based on their present distribution) 
The Owls 
Bam owl (1)to alba) 
The bam owl is a cosmopolitan owl. occurring in most parts of the world. Although this owl is very 
widespread and can thrive in varied conditions, it prefers open habitats especially for hunting. It is most 
common in open savanna adjacent to grassland or low scrub. It may also occur in deserts, but not in fores1s. 
As bam owls require some form of cavity for their nesting and roosting needs, this greatly influences their 
habitat choice. The presence of some cavities or crevices in trees, buildings or rocky outcrops are sufficient 
for bam owls to roost or nest in. The bam owl is largely nocturnal (although may hunt at dusk), and is 
generally opportunistic in its hunting behaviour. In southern Africa, its catholic diet comprises largely 
nocturnal rodents and shrews, and to a lesser extent. birds, reptiles, amphibians and arthropods. Other 
mammals that may also be taken by bam owls include some diumal rats and mice, golden moles, bats, 
young hares and hedgehogs, although the last two are taken in rare cases. In southern Afiica. it has been 
estimated that the bam owl requires about 42 g of fOOd per night. and this figure may rise during winter and 
also during the nesting period for the :remales. The bam ow I preys on the most abundant prey species. It 
usually regurgitates one pellet a day and, through this, skeletal remains of its prey accumulate at the roost 
site or below the roost site. The foraging range of bam owls may vary from one place to another, and their 
roost sites which are usually used for a long time, may be located up to about 16 km from their hunting area 
(Information compiled from: Prestt and Wagstaffe 1973; Steyn 1982; Kemp and Calbum 1987; Andrews 
199Oa; Skinner and Smithers 1990; Taylor 1994). 
Grass owl (1)to mpMSls) 
The grass owl superficially looks like the bam owl. although it is biologically different It roosts and nests 
entirely on the ground in VB and open grasslands and more preferab ly in long grass. It also prefers living 
in the vicinity of some water. It is largely nocturnal (although occasionally hunts during the day), and 
roosts in hollows or tunnels in the long grass. This owl is resident, but when its residence is decimated, it 
often shifts to another area within the local range. In South Africa, its distribution stretches from the 
southwestern part of the Western Cape P ovince through the eastern part of the country, and northwards 
towards Zimbabwe. This owl preys mainly on rodents and shrews. As a result of its habitat specialization, 
the grass owl often takes more vlei rats (Otomys spp.) whose habitat preference tend to be similar to that of 
the owl. Similarly, the climbing mice (Dendromm spp.), which may also occur abundantly in moist 
grassland, occupy an important part in the diet of the grass owl. Like its phenotypically related cousin, the 
barn owl. the grass owl also takes a wide variety of birds and insects. Frogs appear very rarely in the diet of 
this owl Generally, although the grass owl does not take a wide range of prey species like the bam owl 
largely because of its more specialized habitat requirements, it may take similar prey species as the bam 
owl. This owl uses particular roost sites for a long time, and in these sites, pellets may accumulate 
(Information compiled from: Presttand Wagstaffe 1973; Steyn 1982,1984; Kemp andCalbum 1987). 
Manh owl (,tfio capmsIs) 
In southern Africa, the marsh owl is thought to be one of the most nomadic owls, and this often happens 
when its habitat has been disturbed, for instance, by fue. It prefers habitats similar to those of the grass owl. 
and these include stands of rank grass, clusters of weeds and patches of herbs, all of which tend to be 
relatively transient in the southern African region. It can, however, cope with fluctuations in the quality of 
its favoured habitats by making local migrations. In southern Africa, this owl is widespread and its 
occurrence ranges from southwestern South Africa to Zimbabwe and westwards into both the northern 
parts of Botswana and Namibia. This owl is mostly crepuscular, as this is the time when most small 
vertebrates and also arthropods are most active. It may, however, extend its hunting up to daylight. Its diet 
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comprises mostly small rodents (including multimammate mice and vlei rats), shrews, and birds. Oiher 
small vertebrate species, such as the slriped polecat and young scrub hares may also be taken. It also takes 
termites, small beetles, and generally a wide variety of arthropods. It occasionally takes frogs and lizards. 
When hunting, a marsh owl may often rest on the ground 10 regurgitate a pellet The roosts of marsh owls 
tend 10 be temporary. and are mainly hollows in the grass. The roosts usually contain very few pellets 
(Information compiled from: Steyn 1982, 1984; Kemp and Calbum 1987). 
African wood owl (Strlx woodfordH) 
The African wood owl occurs commonly in forests, but it is not entirely confined there. It may occur in a 
mosaic of forest habilats, including coastal bushes, dense woodland, pine plantations and wooded riverine 
belts. In South Africa, its distributional range ex1mlds from the southwest through the Eastern Cape and 
norlhwards 1Dwards Zimbabwe. This owl is strictly nocturnal. It prefers to roost in dense foliage, where it 
may roost in one site for a long time. Although this owl is largely insectivorous, it also preys on small 
rodents, shrews, frogs and birds. Because of its predominantly insectivorous diet, the roost sites of this owl 
rarely yield pellets and if they do, the pellets usually contain very rew and highly fragmented bones 
(Information compiled from: Steyn 1982, 1984; Kemp and Calbum 1987). 
Spotted eagle owl (Bilbo afrktmtn) 
Among the three southern African eagle owls, the spotted eagle owl is the smallest of all. This owl is 
widespread and common, and occurs in a wide range of places, including lightly wooded savanna areas, 
and also in desert; it does not occur either in evergreen forest or open flat grassland. It is most common on 
rocky ledges, and also on steep slopes, hollows in large trees, burrows, old nests belonging to other species, 
and generally on rocky substrates in areas of broken terrain. In southern African, it has also adapted 10 
living in urban areas, where it roosts on buildings. This owl is largely nocturnal, roosting in pairs during the 
day, and starting to hunt at dusk. Hunting sometimes may also take place during the day. The spotted eagle 
owl is opportunistic in its diet requirements, and may prey on a wide variety of species, including relatively 
large-sized prey. Rodents, including gerbils and vlei rats, shrews, birds (including some large birds such as 
the speckled and feral pigeons) and arthropods form the main diet in most places. This owl may also take 
small mammals such as scrub hares, lesser bush babies, and fruit-bats. Oiher prey species taken by this owl 
include reptiles such as geckos and snakes. The diet oftbis owl is greatly influenced by the available prey 
species, and this enables the owl 10 inhabit one area for a long time, in spite of changes in prey species 
(Information compiled from: Fodgen 1973; Steyn 1982. 1984; Kemp and Calbum 1987). 
Cape eagle owl (BIlbo Cilpmsu ctlJHm$u) 
The Cape eagle owl is one of the largest and powerful owls confined to South Africa. It occurs mainly in 
rocky and fragmented mountainous terrain, and also more often in monmne grassland, as well as thick 
woodland in riverine environments. In the southwestern part of the Western Cape Province, this owl occurs 
in the fynbos mountains stretching down to the sea. The Cape eagle owl is resident and during the day. it 
prerers to roost in isolated spots on the ground behind some cover, and also in fissures or ledges. It hunts 
between dusk and dawn. As it prefers bunting the locally abundant and large prey of particular types, its 
distribution may to some extent be influenced by the distribution of such prey species. It preys 00 a wide 
diversity of prey species, including the red rock bares. rock dassies, scrub hares, springhares, small 
antelopes. hedgehogs, genets, golden moles, tree squirrels, vlei rats, mice and shrews (including the 
elephant shrew). It also takes birds such as barn owls and the Cape robins, and reptiles such as lizards, and 
a wide variety of arthropods. As this owl may commonly occur in rocky environments, prey species 
inhabiting such environments are highly preyed upon. Such prey species may include the scrub hares and 
hyraxes. The presence of this owl may be recogni2ed by the white droppings of the owl, which may be 
deposited On rocks within its roosting, nesting or hunting ranges. In the droppings are large accumulations 
of bones belonging to the larger prey species. Some of these bones such as the hind limbs of the hares may 
still be articulated with the feet. The presence of such fiwnal accumulations, together with some pellets, 
help to distinguish nests belonging to the Cape eagle owls from those belonging 10 other smaller owls such 
as the spotted eagle owl (Information compiled from: Fodgen 1973; Steyn 1982, 1984; Kemp and Calburn 
1987). 
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Giant eagle owl (Bubo lacteus) 
The giant eagle owl is the largest of all owls in Africa. It is sedentary, and prefers to inhabit mainly drier 
savanna woodland and more preferably acacia. It may also occur abundantly in large 1rees in riverine belts. 
It is, however, not fOund in fOrests. This owl is ooctumal. and may roost in pairs, or close to one another. It 
is opportunistic in its feeding behaviour and its prey may range from larger species such as the hedgehogs 
(most favoured), vervet monkeys, springhares, hares, hyraxes, cane rats, warthog piglets, large birds (e.g. 
secretary birds), to shrews, small birds, ground squirrels, fi'uitham, insects, frogs, snakes, gerbils, rats and 
mice. It may also prey on other owls such as the bam ow~ grass ow~ marsh owl and the spotted eagle owl 
(InfOrmation compiled from: Fodgen 1973; Steyn 1982, 1984). 
Diurnal birds of prey 
Black-sbouldered kite (Elan. c"emleus) 
In southern Africa, this bird is one of the most widespread and common among the birds of prey. Although 
it is very mobile, it roosts mainly in reeds, and may also roost in trees. Communal roosting takes place 
throughout the year. When hunting, it may solitarily perch on 1rees or other high vantage points from where 
it locates its prey. Its prey comprises mainly rodents, including the vlei rats, striped mouse, and the 
multimammate mouse. Other prey species may include reptiles (e.g. lizards), birds and insects (S1:eyI11982; 
Mendelsohn 1989). 
YeDow-billed kite (Mllvus mignms para"s) 
The yellow-billed kite is an intra-African migrant This bird occurs in most habitats in southern Africa, 
including the coastal regions. It is, however, most common in during the summer. In South Africa, it occurs 
in a mosaic of areas, including the western Cape Province. Its diet includes a wide range of insects, fish, 
frogs, small birds, small mammals and reptiles, and may also scavenge on carrions (Steyn 1982; Hartley 
1989a). 
The Black eagle (Aqu. l'mWluxii) 
The black eagle is widespread in South Africa, occurring in areas of high rainfall as well as semi-arid areas. 
It prefers mainly rocky or mounminous environments. Its habitat preference, just like the black eagle 
population in the Zimbabwe's Matobo Hills, is greatly influenced by the distribution of its principal prey, 
the dassies. Besides the dassies, its diet may also include young baboons, vervet monkeys, mongoose, 
suricates, small antelopes, cane rats. ground and 1ree squirrels, birds (e.g. chicks of Cape vultures). young 
springboks and busbbucks (Steyn 1982; Gargett 1989). 
Booted eagle (Himuletu pmutus) 
This eagle is widespread in South Africa. In the Western Cape Province, it occurs both in the dry parts of 
the fYnbos and the semi-arid Karoo. In other parts of southern Africa, it may occur in a variety of habitats, 
including the desert and the woodland environments. In southern Africa, this eagle preys on a wide variety 
of birds. lizards, rats, mice and insects (Steyn 1982). 
Martial eagle (PolmuldIU beIIicoas) 
This is the largest eagle in Africa. The martial eagle occurs throughout southern Africa, and is most 
common in bushveld. Its diet varies from one place to another, and may include Jarge birds (e.g. black-
headed heron), small or young antelopes (e.g. red duikers, steenbok, orib~ impala and springbok). young 
baboons, verve!: monkeys, ground and 1ree squirrels, greater cane rat, snakes, lizards, black-backed jackals, 
and a wide array of small carnivorous mammals (Steyn 1982; Tarboton 1989a). 
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Steppe buzzard (Buteo hteo) 
The steppe buzzard is a seasonal migrant into southern Africa from the Palearctic, arriving in October and 
leaving by early April It occurs in open country, and more particularly in places where there are 
agricultural activities such as wheat farming. It may also occur in light wooded habitats. This buzzard is 
widespread in southern Africa, including the Western Cape Province. Its prey comprises mainly small 
rodents, birds, small snakes, lizards, and a wide variety ofinsed's (Steyn 1982). 
Jackal buzzard (Buteo ",/o/usau) 
This species of the buzzards occurs in hilly or mountainous environments, including high mountain ranges. 
It may also preter to hunt in montane grassland or flat countly. h is restricted to South Africa and the 
southern part of Namibia. The jackal buzzard is widespread in South Afiica, including the Western Cape. 
Its diet includes rodents such as mice, rats, and the greater cane rat. Other mammalian species taken by this 
bird include young mongoose and dassies. The jackal buzzard also preys on reptiles, other birds, and 
occasionally termites (Steyn 1982; Tarboton 1989b). 
Red-breasted sparrowbawk (Accipiter "'.fiwntrls) 
In South Africa, this bird occurs in a number of places, including eastern Free State, the northern provinces 
and the Western Cape. It preters living in stands of exotic trees, including pines and eucalypts, where it 
may be found nesting. It preys ahnost entirely on birds of varying sizes; mice, bats and insects particularly 
termites, may occasionally appear in its diet (Steyn 1982). 
Rock kestrel (Fldeo tbaunadus) 
Although this species of the kestrels prefers mainly mountainous environments or adjacent areas, it may 
also occur in open country away from mountains. Its diet comprises small rodents, small birds, lizards, bats, 
and a variety of arthropods, including spiders and locusts (Steyn 1982; Hartley 1989b). 
Laser kestrel (Falco nauIMnni) 
In southern Africa, this species of the kestrels occurs in open country. preferring the 'sweet' grassland of 
the high veld. Although it is vexy mobile, it shuns well-wooded habitats. but may be found livinglroosting in 
areas inhabited by humans (e.g. urban areas), especially if there are stands of eucalypts or other trees in 
which it can roost It is widely distributed in the south-west of South Africa from where its distribution 
extends towards the northern parts of southern Africa. In southern Africa, this bird preys mostly on insects, 
although it may sometimes also catch some rodents (Steyn 1982: Liversidge 1989). 
Greater kestrel (Falcon Npkololdes) 
The greater kestrel is widespread in southern Africa, and occurs principally in open country with short 
vegetation cover. It does not, however, occur in wooded habitats. Its wide distribution in southern Africa 
also extends into the semi-desert and desert environments. This bird preys largely on arthropods, with a 
particular preferalce fur grasshoppers and termites. The greater kestrels also prey on rats (e.g. vlei rats), 
lizards and also the small snakes (Steyn 1982; Jensen 1989). 
African marsh hamer (Omvs mnivotus) 
The distribution of the African marsh harrier is largely confined to south and east of southern Africa. 
Although this bird occurs mainly in marshlands and other moist areas, it may also venture into the 
surrounding dry country to hunt The African marsh harrier preys largely on rats, mice and birds. Other 
prey species include reptiles, frogs and insects (Steyn 1982). 
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Black hamer (an:.s mams) 
Unlike most harriers 1hat are more dependent on marshlands, the black harrier occurs mainly in dry country 
such as the Karoo scrub and other dry areas with short grassveld. This harrier may, however, hunt on the 
borders of wet areas. In South Africa, the distributional range of this bird includes the Western. Cape 
Province. In the sooth-west Cape, the black harrier occurs in mountainous areas. It is an opportunistic 
hunter, and its prey species include birds. small rodents (particularly rats and mice), amphibians and insects 
(Steyn 1982; Martin 1989). 
SmaB carnivorous mammals 
Canidae 
The bat-eared fox is a common carnivore, which is widely distributed in southern Africa. It occurs in a 
wide range of areas in this sub-region including Mozambique, Botswana, Zimbabwe and South Africa. In 
South Afiica, it occurs widely, including in the Cape Peninsula. Its body mass may range between 3 to 5.3 
kg. In autumn, winter and spring, it is active beginning from late morning to the early hours of the evening, 
becoming more nocturnal in summer. It occurs in dry and open country. and especially in areas (e.g. 
valleys) with acacia savannas and short grasslands. where it may be found living/sheltering in burrows, 
under vegetation cover. or just in the open. The bat-eared fox, however, avoids densely wooded and 
forested areas. Bat-eared foxes are sociable animals and hunt in groups or pairs., relying on their acute sense 
of hearing to locate their prey. Their diet comprises largely insects, and also rodents, reptiles, wild ftuits. 
and a wide range of invertebrates. They defecate near their resting/sheltering places, and therefore their 
droppings accumulate at these sites (Information compiled from: Andrews and Evans 1983; Skinner and 
Smithers 1990; Kingdon 1997; Ne11997; Stuart and Stuart 2001). 
Cape fox (V,,"a claalM) 
The Cape fox (despite its name) is not confined to the former Cape Province, as it also occurs in other parts 
of the southern African sub-region including Namibia and Botswana. In South A.frica, it also occurs in 
areas such as KwaZulu-Natal, the Western. Cape and the northern provinces. Its total body length is in the 
range of860 to 970 mm, with body mass ranging between 2.5 to 4.0 kg. Although difficult to observe, the 
Cape fox is largely nocturnal. It prefers to lie in holes in the ground or in the cover of stands of grass during 
the day. Preferring mainly open country, including arid scrub (e.g. of the Karoo), acacia grasslands and the 
fynbos areas of the Western Cape, this asocial fox hunts soli1arily. Although it predominantly preys on 
invertebrates and mice, its diet may also include reptiles, birds. wild fruits and a wide range of small 
mammals (Information compiled from: Skinner and Smithers 1990; Kingdon 1997; Mins 1997a; Stuart and 
Stuart 200 1 ). 
Black-backed jackal (OrniflMSOmeltIs) 
In southern Africa, the bJac.k-backed jackal occurs in different parts of the region including Zimbabwe, 
Namibia, South Africa and Botswana. In South Aftica, this jackal occurs over much of the country. 
including the Western Cape Province. This medium-sized carnivore has a body mass ranging between 6.5 
to 13.5 kg. Although it prefers drier areas with acacia savannas. it has a wide habitat tolerance. In the 
soothern part of its distributional range, it may occur in moist areas. This jackal is both diurnal and 
nocturnal. and occurs solitarily or in pairs., or in family groups. When resting, it may be found in burrows 
dug by other mammalian species, in rock crevices, under vegel3tion cover. and also among piles of 
boulders. This very adaptable animal is omnivorous. and preys on a wide range of items, including wild 
fruits and berries, small vertebrates such as hares. birds, rodents, reptiles, as wen as a wide variety of 
invertebrates (Information compiled from: Skinner and Smithers 1990; Kingdon 1997; McKenzie 1997; 
Stuart and Stuart 200 1 ). 
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Felidae 
African wild eat (Fells IyblcG) 
Felis Iybica, also known in some literature as Felis silvestris Iybico (e.g. Kingdon 1997; Stuart and Stuart 
2001), is widely distributed in southern Africa. It OCCW'S in different parts of the sub-region. including 
Namibia, Botswana, SoulII. Africa and Mozambique. In South Africa, this cat occurs in a number of areas, 
including KwaZulu-NaiaI, Free State, and lhe Western Cape Province where it is widely distributed. This 
cat has a body mass ranging between 2.5 to 6 kg. It is a largely nocturnal and soli1ary cat It has a wide 
habitat: tolerance, and may occur in habitats such as woodlands, savannas and grasslands; but does not 
occur in true deserts. Throughout its distn"butional range, it requires some fOnn of cover and this may be in 
the fOnn of rocky hillsides, hollow trees, crevices, and stands of tall grass. Droppings are usually buried, 
but may also be deposited at latrine sites. It hunts silently, and its ever-changing catholic diet comprises 
mainly murids, hare-sized mammals, birds, and to a lesser degree. frogs, reptiles and insects (InfOnnation 
compiled from: Skinner and Smithers 1990; Apps 1997; Kingdon 1997; Stuart and Stuart 2001). 
Carneal (Fdls ctU'f1Cdl) 
In sou1hern Africa, the caracal is very successful and widely distn"buted, occurring in many areas including 
Sou1h Africa, Namibia, Botswana and Zimbabwe. In Sou1h Aftica, it occurs over much of the country, 
including lhe Western Cape Province. It is a robustly built carnivore, with an average adult weight of about 
17 kg and 11.5 kg fur males and females, respectively. Felis caracol is largely nocturnal, and very secretive 
in its solitary habits. It can withstand arid environments, although it genemlly prerers plains and rocky ruDs 
in open country and open wooded savanna, with a higher preference for open vleis and open grassland. Its 
diet depends on the available prey species, and may include dassies, small antelopes, hares, birds, small 
carnivores, shrews, and rodents such as the Otomys spp. and Torero qfra (Infbnnation compiled from: 
Avery etol.1990; Skinner and Smithers 1990; Davies 1997; Kingdon 1997). 
SmaD spotted cat! black.-footed eat (Fells nlgrlpa) 
This cat. also known in some literature as lhe black-footed cat (e.g. Sliwa 1997; Kingdon 1997) is endemic 
to lhe arid western parts of southern Africa, including, Botswana, Namibia and Sou1h Africa. In Sou1h 
Aftica, it occurs marginally in the Transvaal, but has a wide 0CCWTenCe further soulII.. including lhe west 
coast Its body mass may range between 1 to 2 kg. It occurs mainly in arid regions and more particularly 
open habitats with some vegetation cover such as grass. It is nocturnal, solitary and very secretive in its 
habits, and may be fOund lying in termite mounds and also in burrows dug by other species. Felis nigripe.s 
is an opportunistic hunter, and its diet comprises largely rodents (particularly gerbils); o1her prey species 
include birds, spiders, reptiles and insects (Information compiled from: Skinner and Smithers 1990; 
Kingdon 1997; Sliwa 1997; Stuart and Stuart 2001). 
Mustelldae 
Cape clawless oUer (Aonyx Cllpemls) 
This otter is widely distributed in southern Africa, occurring in areas such as Zimbabwe, Mozambique and 
Botswana. It is absent in most of the dry and in1erior parts of the sub-region. In Sou1h Africa, the wide 
distributional range of this otter includes the Western Cape Province. Its body mass may be up to 16 kg. It 
occurs predominantly in fresh and marine waters (e.g. rivers. lakes and swamps), al1hough it may also be 
fOund on dry land (e.g. wooded and grassland environments) looking fOr fbod. It is 00111. diumal. and 
nocturnal. As these otters move widely, accumulations of droppings associated with them may be rare and 
if they are fOund, they largely contain crab shells. Latrine sites associated with this otter, however, have 
been reported. Its diet comprises mainly crabs and frogs, and to a lesser exmnt. fish., insects,. birds, reptiles, 
small mammals and mollusks (Infbrmation compiled from: Skinner and Smithers 1990; Somers 1997; 
Stuart and Stuart 2001). 
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Honey badger (Melllvom capmsls) 
In southern Africa, the honey badger is widely distributed, and occurs in parts of the region including South 
Africa, Botswana, Mozambique and Zimbabwe. In South Africa, the honey badger also occurs over much 
of the country, including the Western Cape Province. Its body mass ranges between 7 to 16 kg. It is 
catholic in its habitat requirements. It may occur in montane forests, in waterless desert steppe (but not 
extreme deserts), and is most common in open woodland MellOOm capensis often uses crevices in rocks 
to shelter itself It is also an adept digger, and may dig holes in which to live. The honey badger is 
predominantly noctumal, but may also hunt during the day. In widely overlapping ranges, this carnivore 
hunts solimrily, although pairs have also been observed hunting together. It is an opportunistic omnivore, 
and its diet includes murids, reptiles, insec1s, beetles, spiders, birds and wild fruits (Information compiled 
from: Skinner and Smithers 1990; Kingdon 1997; Mills 1997b; Stuart and Stuart 2001). 
Striped polecat (Ictl.mp: stI'ItItu) 
The striped polecat occurs throughout the southern African sub-region, including the Western Cape 
Province. Its body mass ranges between 0.5 to 1.4 kg. It has a wide habitat tolenmce, and occurs in all 
major habitat types including areas with scrub cover, savanna woodland and 0001 upland grasslands. It is 
not common in areas with dense vegetation, and it is absent in deserts. The striped polecat may burrow 
under loose and soft sandy substrate, or take shelter in burrows belonging to other species that are not in 
use. It may also take shelter amongst matted vegetation, piles of stones, and under tree roots or fallen logs. 
This carnivore is strictly nocturnal. Polecats are largely solilmy, although they may occur in pairs or in 
family groups. Polecats' diet comprises mainly invertebrates and mice, although reptiles, amphibians, birds, 
and a wide variety of small animals are also taken (Information compiled :from: Skinner and Smithers 1990; 
Kingdon 1997; Rowe-Rowe 1997; Stuart and Stuart 2001). 
Viverridae 
Small-spotted genet (Gendil gmetlli) 
The small-spotted genet is widely distributed in southern Africa, occurring in pans of the region such as 
Namibia, Swaziland, Botswana, Sooth Africa and Lesotho. In South Mica, its wide distribution includes 
areas such as KwaZulu-Natal and the western Cape Province. Its body mass is in the range of 1.5 to 2.6 kg. 
This genet has a wide habitat tolerance and may occur in open and arid, woodland., riverine and grassland 
habitats, and also in pockets of rocky outcrops on open plains. Although rarely seen, this genet is s1rictly 
nocturnal and occurs mostly solitarily or in pairs. Its diet includes largely insects and rodents; reptiles, 
shrews, birds, amphibians, bats, and a wide range of invertebrates, may also be part of its diet It deposits 
droppings at latrine sites, which are usually in open and conspicuous placles (Inbmation compiled from: 
Skinner and Smithers 1990; Maddock 1997a.; Stuart and Stuart 2001). 
Large-spotted genet (Gendil tigrinll) 
In southern Aftica, this genet occurs in discrete areas in different parts of the region, including South 
Africa. Namibia, Botswana and Zimbabwe. In South Mica, it occurs in KwaZulu-Natal, as well as in the 
Western Cape Province. Its body mass ranges between 1.5 to 3.2 kg. This nocturnal and solitary genet 
prefers habitats that are weU-watered, receive high rainfall, and have relatively dense vegetation cover. It is 
generally well adapted to the arboreal habitat. The diet of the large-spotted genet comprises mainly rodents 
(particularly munds). insectivores and insects. This genet also preys on birds, reptiles, amphibians, wild 
fruits and a wide range of invertebrates. It deposits droppings at latrine sites, which are usually in open and 
conspicuous places (Information compiled from: Skinner and Smithers 1990; Maddock 1997b; Stuart and 
Stuart 2001). 
This mongoose is widely distributed in southern Aftican, and frequently sighted in most parts of the region. 
It occurs in most parts of southern Mica. including South Aftica. Namibia, Botswana and Zimbabwe. In 
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South Africa, its widespread distribution includes KwaZulu-NataJ and the Western and Northern Cape 
provinces. Its body mass is in the range of 450 to 950 g. It prefers sandy substrates and open country with 
short grass, or semi-desert scrub. It does not, however, occur in desert or in areas with dense vegetation. It 
has, however, penetrated the filirly dense but low scrub fYnbos oftbe Western Cape. This mongoose may 
dig burrows, and may also communally occupy burrows belonging to other species. Droppings are 
deposited in latrines near the entrances to the burrows. Although the yellow mongoose may live in groups, 
foraging is a solitary affair. It is predominantly diurnal. although it is a1so known to hunt at night It is 
known to forage in large areas far from iIs den and depending on the season, iIs diet mainly comprises 
insects and a wide range of invertebrates, small rodents (including murids). amphibians and reptiles 
(Information compiled from: Skinner and Smithers 1990; Kingdon 1997; Stuart 1997a; Stuart and Stuart 
2001). 
Small gny mongoose (Gtllen& p"lverulenttl) 
This mongoose is ofren referred to as the Cape-grey mongoose, and this is because the type specimen of 
this species was found at the Cape of Good Hope. It is widely dmn'buted in South Africa, apart from the 
more northerly parts. Its body mass may range between 500 to 1000 g. This mongoose has a wide habitat 
tolerance. ranging from forest to open scrub. It prefers overgrown bushy country, and also occurs 
abundantly in dry rocky ground and hillside coastal plains, where it may be found sheltering under 
vegetation cover, in burrows, and other holes. In the southwestern part oftbe Western Cape, this mongoose 
a1so occurs in fYnbos areas with relatively little annual rainfall. It is diurnal, tmestriaJ, and largely solitary, 
although pairs have been sighted. Its diel: comprises largely invertebrates (insects, crabs and earthworms) 
and small rodents (rats, including the vlei rats, and mice). Other prey species include reptiles, amphibians 
and birds (Information compiled from: Skinner and Smithers 1990; Kingdon 1997; Stuart 1997b; Stuart and 
Stuart 2001). 
The distributional range of the swicate is mainly within the semi-arid regions of southern Africa, including 
the Namib and the pro-Namib deserts. In Sooth Africa, it marginally occurs in the nortbwes1mn parts of 
KwaZulu-NataJ, but is widespread in the Western and Northern Cape provinces. Its body mass ranges 
between 620 to 960 g. The suricate prefers areas with stony or calcareous substralle, and inhabits open, arid, 
and lightly vegetmed country where it digs iIs own burrow complexes (warrens). It may a1so be found 
living in burrows made by other small mammals such as the ground squirrels. It avoids dense vegetation 
and deserts, although its distrIbutional range includes the Namib Desert. Suricates are diurnal and hunt in 
groups, traveling up to about 6 kIn from their dens to forage. They, however, return to the same dens to 
sleep after their diurnal furaging. The diet of the suricates predominantly comprises insects, and a wide 
range ofmvmebrates (e.g. spiders and scorpions). Other prey species include birds" ampht'bians. mice and 
reptiles particularly geckos (Infurmation compiled from: Skinner and Smithers 1990; Kingdon 1997; 
MacDonald 1997; Stuart and Stuart 2001). 
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APPENDIX 3 
SBve maxillary aDd maDdlbuJar frequency according to species (Key: Lmax "" Left maxilla, Rmax "" 
Right maxilla, Lman ... Left mandible, Rman == Right maDdible). 
DownSlope Upper Slope Hanging Remna nt 
Lmax Rmax Lman Rman Lmax Rmax Lman Rman Lmax Rmax Lman Rman 
Insectlvora 
C. asiatiCa 2 12 7 
cf. C. cyanea 1 7 3 2 1 3 
C.t1avescens 2 2 1 4 1 3 3 5 1 1 1 1 
M. vanus 7 10 41 49 27 24 135 164 1 12 9 
cf. M. vanus 1 3 16 4 
S. valilla 4 4 17 20 15 7 63 62 19 11 
cf. S. varilla 1 1 
Chlropmra 
R. clivasus 1 
Rodentia 
D. melanatis 2 1 1 9 4 9 7 2 2 1 1 
D. mesamelas 2 2 
Dendromus spp. 2 2 2 
S. krebsii 2 8 2 3 12 8 17 22 2 2 2 3 
G.paeba 7 5 5 7 9 9 2 1 3 2 
T. afta 40 50 34 50 84 85 112 121 9 15 10 25 
M. albicaudatus 2 2 1 4 4 4 3 2 1 1 
R. pumilia 4 1 1 2 1 4 
cf. R. pumilia 
O. irroratus 1 4 7 4 1 
O. saundersiae 7 10 4 6 20 24 20 14 8 12 9 7 
O. unisulcatus 5 2 5 6 2 4 1 
Otomysspp. 4 1 3 9 4 3 15 17 1 3 3 
B. suillus 1 
C. hattentotus 4 4 8 8 
Macroscelldea 
E. edwardii 1 1 
160 
Un
ive
rsi
ty 
of 
 C
ap
e T
ow
n
APPENDIX 4 
This appendix records results from work by Andrews (1990a) on a wide 
range of modem predator faunal assemblages 
Appendix 4.1: Rodent cranial breakage in predator assemblages (·Maxillae still present in 
skulls: After Andrews 1990a, Tables 3.5 and 3.7). 
Predator % % % % % mandible. 
species complete maxillae completB mandibles with Inferior 
"Maxillae with mandibles with ramus border broken 
zygomatic mining 
Bam owl 75 90 78 6 3 
Snowy owl 80 80 58 5 21 
Long-eared owl 74 94 81 2 2 
Short-eared owl 24 24 24 38 10 
Verreaux eagle owl 85 94 84 6 3 
Spotted eagle owl 17 48 7 62 27 
European eagle owl 27 64 38 18 14 
Greal grey owl 83 83 89 0 7 
Tawny owl 64 69 19 18 14 
Little owl 0 0 0 33 50 
Kestrel 5 19 4 71 44 
Hen harrier 9 30 2 55 69 
Mongoose 0 10 0 95 100 
Genet 0 24 0 94 75 
Bat-eamd fox 0 10 0 95 86 
Coyote 0 12 0 100 75 
Red fox 0 0 0 75 100 
Artie fox 0 0 0 100 100 
Plnemanen 0 0 0 100 100 
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Appendix 4.2: Predator categories based on the digestion of mkromammaHan ineison (After 
Andrews 1990a, Table 3.14 and Matthews 1998, Table 2.3). 
Predator Category Pen:entage of Incleor dlg_tlcn 
Call1g0ry 1 
bam owl, short-eared owl, snowy owl absent or light digestion; Incisor % etched :: 8 - 13% 
bat-eared fox - Intermediate light digestion; incisor % etched == 19% 
Category 2 
Iong-eared Owl, giant eagle ow~ great grey owl moderate digestion (tips onty); incisor % etched :: 20 - 30% 
mustelk:ls 
\JMmids 
Category 3 
tawny ow~ ItIe owl, European and 
spotted eagle owls 
Category 4 
kestrels and peregrines 
canida - coyote, red fox, artie fox 
Category 5 
buzzards, kles, hen harriers 
Intermediate between Categories 2 and 3; incisor % etched :: 24% 
intermediate between Categories 2 and 3; 
incisor % etched :: 34 - 40% 
moderatelheavy digestion; incisor % etched == 50 - 70% 
heavy/extreme digestion; Incisor % etched :: 60 - 80% 
intermediate, may faR either In Categories 4 or 5; extreme 
digestion with Incisor % etched == 70 -100% 
extreme digestion; incisor % etched :: 100%; dentine corroded 
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Appendh 4.3: Breakage pattems oftbe major long bones in modem pAdator assemblages (ole) 
(Key: C "" Complete, P "" ProDmal, S == Shaft, D ... Distal: After Andrews 1990., Table 3.3 and 
Matthews 1998, Appendix 4, Table 6). 
Predator Humerus Ulna Femur TIbia 
species 
C P S 0 C P S 0 C P S 0 C P S 0 
Bam owl 99 0 0 1 97 3 0 0 97 1 2 0 98 1 1 0 
Snowy owl 75 4 8 12 76 24 0 0 88 4 0 8 88 8 4 0 
long-eared owl 96 0 1 3 95 4 1 0 96 3 1 0 93 6 1 0 
Short-eared owl 88 3 2 7 92 8 0 0 93 7 0 0 87 4 5 4 
Verreaux eagle owl 96 0 2 2 98 2 0 0 97 2 1 0 99 1 0 0 
Spotted eagle owl 44 7 11 38 85 12 3 0 86 32 2 0 71 0 29 0 
European eagle owl 82 7 0 11 97 3 0 0 83 12 3 2 86 9 0 5 
Great grey owl 89 4 4 4 96 4 0 0 90 8 2 0 93 7 0 0 
Tawny owl 53 7 12 28 69 31 0 0 52 22 6 20 85 7 4 4 
little owl 33 33 16 16 100 0 0 0 12 64 12 12 33 8 50 8 
Hen harrier 22 7 39 32 6040 0 0 20 40 20 20 22 22 33 22 
Kestrel 44 4 27 25 32 52 8 8 20 48 24 7 31 29 25 14 
White-taied mongoose 30 29 9 32 8 92 0 0 12 52 13 23 37 25 38 
Sma. spotted genet 33 13 10 44 54 46 0 0 12 51 20 17 57 27 16 
Bat-eared fox 26 7 15 52 57 43 0 0 3 87 3 7 10 80 10 
Coyote 7 38 17 38 25 75 0 0 0 42 28 30 0 90 10 
Red fox 0 8 9 83 0 67 33 0 0 53 21 26 0 67 33 
Pine marten 0 30 19 51 25 75 0 0 0 50 50 0 0 82 18 
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Appendix 4.4: Relative proportions of post -cranial to craDial elements (After Andrews 1990a, Table 
3.2). 
proportions of poet-cranlal proportion of dletailimb 
to cranial elements elements 
Predator No. of pellet femur. hUmNS tibia. radius 
species samples mandible. maxilla femur. humerus 
Bam owl 4 93 105 
Snowy owl 1 133 98 
Long..eared owl 2 102 92 
Shol1-eared owl 2 111 82 
Verreauxeagle owl 2 80 100 
Spotted eagle owl 1 74 52 
European eagle owl 2 111 75 
Great grey owl 1 92 89 
Tawny owl 3 82 92 
Little owl 1 164 70 
Kestrel 3 74 72 
Hen harrier 1 33 58 
Mongoose 1 138 30 
Genet 1 76 44 
Bat-eared fox 1 92 25 
Coyote 1 133 79 
Redfox 1 233 50 
Artie fox 1 36 75 
Pine marten 1 114 25 
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APPENDIX 5 
This appendix records chi-squred (Xi results and other data relevant in the 
interpretation of the SBYC micromammaUan fauna 
Appendix 5.1.1: Cbi-squared analysis comparing tbe distribution ofmurid maIilJae 
between the tbree SBYC faunal samples. 
DownSlope Upper Slope Hanging Remnant 
Ca.gory Observed Expected Observed Expected Observed Expected TOTALS 
1 35 43 91 79 12 
2 6 4 7 8 1 
3 82 81 151 148 26 
4 48 42 63 77 24 
TOTAL 171 312 63 
)(l = 13.851 df=6 p=O.031354 
Appendix 5.1.2: Cbi-squared analysis comparing tbe dbtribution of 
murid madlae between the Down Slope and Upper Slope. 
DownSlope Upper Slope 
ea..gory Observed Expected Observed Expected TOTALS 
1 35 45 91 81 126 
2 6 5 7 8 13 
3 82 82 151 151 233 
4 48 39 63 72 111 
TOTAL 171 312 483 
r =6.85 df a 3 p=O.1 
Appendix 5.1.3: Cbi-squared analysis comparing tbe dbtribution of 
murid maIilJae between tbe Down Slope and Hanging Remnant. 
Down Slope Hanging Remnant 
C •• gory ObHrved Expected Observed Expected TOTALS 
1 35 34 12 13 47 
2 6 5 1 2 7 
3 82 79 26 29 106 
4 48 53 24 19 72 
TOTAL 171 63 234 
r=2.56 df=3 p=O.5 
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Appendix 5.1"': Chi-squared analysis comparing the distribution of 
mund muiUae between the Banging Remnant and Upper Slope. 
Hanging Remnant Upper Slope 
Category ObHrved Expected ObHrved Expected TOTALS 
1 12 17 91 86 103 
2 1 1 7 7 8 
3 28 30 151 147 177 
4- 24- 15 83 72 87 
TOTAL 63 312 375 
r=9.87 df-3 p-0.02 
Appendix 5.2.1: Chi-squared analysis comparing the distribution ofmund mandibles 
between the three SBYC faunal samples. 
DownSlope Upper Slope Hanging Remnant 
Category ObHrved Expected Observed Expected Observed Expected TOTALS 
1 1 8 34- 25 3 5 38 
2 13 18 60 54 9 10 82 
3 12 15 45 45 11 8 68 
4 106 91 258 273 52 52 416 
TOTAL 132 397 75 604 
XI "'17.19 df=6 P =0.008603 
Appendix 5.2.2: Chi-squared aualysis comparing the distribution of 
murid mandibles between the Dowu Slope aud Upper Slope. 
DownSlope Upper Slope 
Category ObHrved Expected ObHrved Expected TOTALS 
1 1 9 34- 26 35 
2 13 18 60 55 73 
3 12 14 45 43 57 
4- 106 91 258 273 364 
TOTAL 132 397 529 
r-14-.95 df= 3 P == 0.002 
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Appendix 5.2.3: Chi-sqnared analysis comparing the distribution of 
murid mandibles between the Down Slope and Hanging Remunt. 
DownSlope Hanging Remnant 
Category ObHrved Expected ObHrved E)CJ)ected TOTALS 
1 1 3 3 1 4 
2 13 14 9 8 22 
3 12 15 11 8 23 
4 101 101 52 57 158 
TOTAL 132 75 207 
r==4.90 df=3 p=O.2 
Appendix 5.2.4: Chi-squared analysis comparing the distribution of 
murid mandibles between the Upper Slope and Hanging Remnant. 
Upper Slope Hanging Remnant 
Category ObHrved EJcpected ObHrved Expected TOTALS 
1 34 31 3 6 37 
2 60 58 9 11 89 
3 45 47 11 9 58 
4 258 261 52 49 310 
TOTAL 397 75 472 
ra2.81 df==3 p==0.41 
Appendix 5.3.1: Chi-squared analysis comparing the distribution ofsoridd mandibles 
between the three SBYC taual_mples. 
DownSlope Upper Slope Hanging Remnant 
Category Observed Expected Observed Expected Observed Expected TOTALS 
1 7 23 91 71 5 9 103 
2 7 25 102 79 I 10 115 
3 21 28 79 88 23 11 128 
4 99 60 151 186 20 24 270 
5 9 12 40 38 6 5 55 
TOTAL 148 483 80 671 
X2==87.4445 df==8 p == 0.00000 
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Appendix 5.3.2: Chi-squared analysis comparing the distribution of 
soricid mandibles between the Down Slope and Upper Slope. 
DownSlope Upper Slope 
Category Observed Expected Observed Expected TOTALS 
1 7 24 91 74 98 
2 7 26 102 83 109 
3 26 25 79 80 105 
4 99 61 151 189 250 
5 9 12 40 37 49 
TOTAL 148 463 611 
r=67.53 df=4 P III 0.0000 
Appendix 5.3.3: Chi-squared analysis comparing the distribution of 
soricid mandibles between the Upper Slope and Hanging Remnant. 
Upper Slope Hanging Remnant 
Category Obaerved Expected Observed Expected TOTALS 
1 91 85 5 11 96 
2 102 96 6 12 108 
3 79 90 23 12 102 
4 151 151 20 20 171 
5 40 41 6 5 46 
TOTAL 463 60 523 
r= 19.87 d'=4 p= 0.00053 
Appendix 5.3.4: Chi-squared analysis comparing the distribution of 
soricid mandibles between the Down Slope and Hanging Remnant. 
DownSlope Hanging Remnant 
Category Observed Expected Observed Expected TOTALS 
1 7 9 5 3 12 
2 7 9 6 4 13 
3 26 35 23 14 49 
4 99 85 20 34 119 
5 9 11 6 4 15 
TOTAL 148 60 208 
r=20.0 df=4 p=0.001 
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Appendix 5.3.5: Results for gamma analyses on murid and 
sorieid jaws. 
Gamma level of slgnlftcance 
value (p) 
Multd mandlblee -0.188 0.007 
Murid maxillae -0.022 0.738 
Soricld mandibles -0.269 0.000 
Soricld madlae -0.040 0.833 
Appendix 5.4.1: Chi-squared analysis comparing the distribution ofmurid humeri 
between the three SBYC faunalumples. 
DownSlope Upper Slope Hanging Remnant 
Category Observed Expected Observed Expected Observed 
Complete 42 51 102 90 11 
Proximal 40 49 89 86 24-
Shaft 13 12 21 21 4 
Distal 200 183 308 323 61 
TOTAL 295 520 110 
~=9.67550 df=6 p=0.139012 
Appendix 5.4.2: Chi-squared analysis compariug the distribution 
ofmurid humeri between the Down Slope and Upper Slope. 
DownSlope Upper Slope 
Category Observed EJq)ected Observed EJq)ected TOTALS 
Complete 42 52 102 92 144 
Proximal 40 47 89 82 129 
Shaft 13 12 21 22 34 
Distal 200 184 308 324 508 
TOTAL 295 520 815 
r=6.88 df=3 p=0.76 
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Appendix 5.4.3: Cbi-squared analysis comparing the distribution of muriel 
bumeri between tbe Down Slope and Hanging Remnant. 
DownSlope Hanging Remnant 
Category Observed E>epeded Observed E>epect8d TOTAlS 
Complete 42 42 16 16 68 
Proximal 40 47 24 17 64 
Shaft 13 12 4 5 17 
Dis1a1 200 194 66 72 266 
TOTAl 295 110 406 
Y.1III4.32 df=3 P l1li 0.221 
Appendix 5.4.4: Cbi-squared analysis comparing tbe distribution of muriel 
bumeri between tbe Upper Slope and Hanging Remnant. 
Upper Slope Hanging Remnant 
Category Observed E>epeded ObHrved E>epected TOTAlS 
Complete 102 97 16 21 118 
Proximal 81 93 24 20 113 
Shaft 21 21 4 4 25 
Dis1a1 308 309 66 65 374 
TOTAl 520 110 630 
Y.B2.41 df=3 p=0.5 
Appendix 5.5.1: Cbi-squared analysis comparing tbe distribution ofsoridd bumeri 
between the three SBYC faunal samples. 
DownSlope Upper Slope HangIng Remnant 
Category ObHl"lled Expected ObHrved E>epected ObHrved Expected TOTAlS 
Complete 33 41 88 79 21 21 142 
Proximal 20 18 21 35 14 10 63 
Shaft 4 2 
" 
4 0 1 8 
Distal 35 30 57 59 13 16 105 
TOTAl 92 178 48 318 
)(1 .. 9.81201 df"6 P B 0.13911 
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Appendix 5.5.2: Chi-squared analysis comparmg the distribution of 
sorieid humeri between the DeWIt Slope and Upper Slope. 
Down Slope Upper Slope 
C.tegory ObHrved Expected Observed Expected TOTAlS 
Complete 33 41 88 80 121 
Proximal 20 17 29 32 49 
Shaft 4 3 4 5 8 
Distal 35 31 57 61 92 
TOTAl 92 178 210 
r=5.032 df=3 p=O.2 
Appendix 5.5.3: Chi-squared analysis comparing the distributioo of 
sorieid humeri between the DoWlt Slope and Hanging Remnant. 
Down Slope Hanging Remnant 
Category ObHrved Expected ObHrved Expected TOTAlS 
Complete 33 35 21 19 54 
Proximal 20 22 14 12 34-
Shaft 4 3 0 1 4 
Distal 35 32 13 16 48 
TOTAl 92 48 140 
r=4.42 df=3 p = 0.22 
Appeudix 5.5.4: Chi-sqnared analysis comparmg the distribution of 
sorieid humeri between the Upper Slope and HaugiDg Remunt. 
Upper Slope Hanging Remnant 
Category ObHrved Elcpected ObHrved Expected TOTAlS 
Complete 88 86 21 23 109 
Proximal 29 34 14 9 43 
Shaft 4 3 0 1 4 
Distal 57 55 13 15 70 
TOTAl 178 48 226 
r=4.92 df=3 p=0.2 
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Appendix 5.6.1: Chi-squared aDalysis comparmg the distributioD ofmurid femora 
betweeD the three SBYC raualll8mples. 
DownSlope Upper Slope Hanging Remnant 
Category Observed Expected Observed Expected Observed 
Complete 23 41 113 84 10 
Proximal 228 192 359 391 90 
Shaft 0 4 10 9 5 
OIs1aI 31 44 91 89 33 
TOTAL 282 573 138 
r= 51.157& dfm& p=O.OOOOO 
Appendix 5.6.2: Chi-squared aDalysis comparmg the distributioD 
ofmurid femora betweeD the DowD Slope aDd Upper Slope. 
DownSlope Upper Slope 
Ca.gory Observed ElCJ)ected Observed ElCJ)ected TOTALS 
Complete 23 45 113 91 136 
Proximal 228 194 359 393 587 
Shaft 0 3 10 7 10 
DIs1aI 31 40 91 82 122 
TOTAL 282 573 855 
r=33.1 elf =3 p=O.OOOOO 
AppeDdU 5.6.3: Chi-squared aDalysis comparmg the distributiou 
of murid femora betweeD the Upper Slope aDd HaDgmg RemuaDt. 
Upper Slope Hanging Remnant 
C •• gory Obnrved ElCJ)ected Obnrved EJCpected TOTALS 
Complete 113 99 10 24 123 
Proximal 359 362 90 87 449 
Shaft 10 12 5 3 15 
Distal 91 100 33 24 124 
TOTAl.. 573 138 711 
r= 1&.1 elf = 3 pili 0.0011 
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Appendix 5.6.4: Chi-squared analysis comparing tile distribution 
of murid femora between tile Down Slope and Hanging Remuaut. 
DownSlope Hanging Remnant 
Category Observed Expected Observed Expecl8d TOTALS 
Complete 23 22 10 11 33 
Proximal 228 214 90 104- 318 
Shaft 0 3 5 2 5 
Distal 31 43 33 21 &4 
TOTAL 282 138 420 
r=23A6 elf = 3 p= 0.00003 
Appendix 5.1.1: Chi-squared analysis eomparing the distribution ofsoridd femora 
between the three SBYC faunal_mples. 
Down Slope Upper Slope Hanging Remnant 
Category Observed Expected Observed Expected ObHl'Ved 
Complete 14 23 67 58 12 
Proximal 39 30 66 75 16 
TOTAL 53 133 28 
x 2= 8.8159518 df=2 p=0.01192 
Appendix 5.1.2: Chi-squared analysis eomparing the distribution 
of scnicid femora between tile Down Slope and Upper Slope. 
DownSlope Upper Slope 
Category Observed Expecl8d Observed Expected TOTALS 
Complete 14 23 67 58 81 
Proximal 39 29 66 76 105 
Shaft 0 1 2 1 2 
Distal 2 2 6 6 8 
TOTAL 55 141 196 
r=9.77 elf .. 3 p" 0.021 
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Appendix 5.7.3: Chi-squared analysis comparing the distribution 
of soridd femora between the Down Slope and Hanging Remnant. 
DownSlope Hanging Remnant 
Category Observed E~ected Observed E~ected TOTALS 
Complete 14 17 12 9 26 
Proximal 39 36 16 19 55 
Shaft 0 0 0 0 0 
Distal 2 0 2 
TOTAL 55 28 83 
rill 3.34 df= 2 p=O.2 
Appendix 5.7.4: Chi-squared analysis comparing the distribution 
ofsoridd femora between the Upper Slope and Hanging Remnant. 
Upper Slope Hanging Remnant 
Category Observed E~ected ObHrved Expected TOTALS 
Complete 67 66 12 13 79 
Proximal 66 68 16 14 82 
Shaft 2 2 0 0 2 
Dislal 6 5 0 6 
TOTAL 141 28 119 
r=2.21 dflll3 p s O.53 
Appendix 5.S.1: Chi-squared analysis comparing the distribution ofindetermmate 
micromammalian ulnae between the three SBYC faunal_mples. 
DownSlope Upper Slope Hanging Remnant 
Category Observed Expected Observed ~ Observed Expected TOTALS 
Complete 9 6 11 19 8 3 28 
Proximal 220 223 745 737 103 108 1088 
TOTAL 229 756 111 10H 
x l = 15.0639 df llll 2 p=0.000536 
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Appendix 5.8.2: Chi-squared. analysis comparing the distribution ofiDdetermiDate 
mic::romammalian tibiae between the three SBYC faunal samples. 
DownSlope Upper Slope Hanging Remnant 
c..gory ObHrved Expected Observed Expected Observed Expected TOTALS 
Complete 5 8 27 23 3 4 35 
Proximal 12 85 254 236 34 39 360 
Shaft 133 119 322 331 49 55 5M 
Distal 169 167 451 464 88 77 108 
TOTAL 319 1054 114 1607 
X, == 10.6100 df== 6 p;ll 0.019140 
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